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Preface 


In the daily practice of imaging diagnosis, radiologists expect a variety of imaging findings for 
each disease entity, and in turn many different disease entities have similar imaging findings. 
Usually, a certain diagnosis is made based on one’s memory of having seen other cases with 
similar imaging features. This practical guide provides approximately 3,500 selected and cat- 
egorized illustrations along with short, key text passages that will help the reader easily recall 
the correct images and work through to a differential diagnosis. 

I owe so much to my colleagues — radiologists, urologists, pathologists, and nephrologists 
— for collecting the materials in this illustrative book, which comprehensively covers topics in 
uroradiology. The biggest debt I have in publishing this book is to my patients. I imagine that 
the more beautiful the images in this book, the more severe the patients’ suffering, and I hope 
that the readers who are helped by the images in this book can appreciate the pain that the 
patients might have experienced. 

This task could not have been completed without the guidance of Dr. Man Chung Han, 
Professor Emeritus of Radiology, Seoul National University College of Medicine. From the 
beginning of my career, he showed me how to be a radiologist as well as a physician, a 
researcher, and a teacher. When I was discussing this book project with him, I was surprised 
that the style of the book and the title, Radiology Illustrated, were exactly the same as he had 
imagined. 

The year I spent in Philadelphia with Dr. Howard Pollack was a turning point in my career 
as a uroradiologist. At that time, Pollack’s Clinical Urography had just been published. I 
learned how the materials in his book had been collected, categorized, and retrieved. His col- 
laborative style in working with his clinical counterparts as a uroradiologist strongly influ- 
enced mine. I am lucky to have worked with the finest publisher, Springer, for this second 
edition and I appreciate the perfect job that its staff did. Above all, the strongest support to 
finish this book was the love and encouragement given to me by my dearest wife, Byung Hee, 
and my son, Jin Woong. 


Seoul, May 2011 Seung Hyup Kim 
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Normal Findings and Variations 
of the Urinary Tract 


Introduction 


Sang Youn Kim and Jeong Yeon Cho 


In this chapter, we describe normal findings of the urinary 
tract and widely used imaging modalities for the urinary 
system. The normal kidney appears as an oval coffee-bean 
shape. The average length of the normal kidney is approxi- 
mately 11 cm in cephalocaudal direction (range, 10-13 cm; 
4-5 in.). Intravenous urography (IVU) is the best imag- 
ing modality for the visualization of the collecting sys- 
tem. Ultrasonography (US) is the first imaging modality 
in the evaluation of the kidney, either in routine abdominal 
screening or as the initial diagnostic measure in symptom- 
atic patients. Computer tomography (CT) is the best imag- 
ing modality to demonstrate detailed anatomy of the urinary 
tract and surrounding structure. Magnetic resonance imaging 
(MRI) is now widely available as an alternative or comple- 
mentary imaging modality. 

This chapter also describes a variety of normal varia- 
tions and pseudolesions that may produce variable unusual 
appearances on the radiologic images of the urinary tract. 
Pseudotumor of the renal parenchyma is the most common 
pseudolesion in the urinary tract. The primary pseudotu- 
mors include the prominent column of Bertin, dromedary 
hump (splenic hump), and persistent fetal lobulation. The 
secondary pseudotumor is localized (focal) compensatory 
hypertrophy. 


Normal Radiological Findings 
The normal kidney appears as an oval coffee-bean shape. 


The coronal width is usually larger than the sagittal width. The 
volume of the kidney can be roughly calculated by this 
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formula: 0.49xLxW1xW2. The average volume of left 
kidney is approximately 146 cm? and that of right kidney 
is approximately 134 cm*. The renal volume tends to be 
larger in men than in women. The length of the kidney is 
approximately 3.7 times the height of L2 vertebral body. The 
average length of the normal kidney is approximately 11 cm 
in cephalocaudal direction (range, 10-13 cm; 4-5 in.). If 
kidney length is measured smaller than 9 cm, despite senile 
change of normal kidney and interobserver variation (con- 
sidered as 5%), some pathologic condition should be consid- 
ered. Especially if the length is below 8 cm, involved kidney 
must be considered as a pathologic manifestation of chronic 
renal disease. 

With the length of the kidney, the parenchymal thickness 
of the kidney is considered a better indicator for the patho- 
logic manifestation of chronic renal disease. The parenchy- 
mal thickness is usually defined as a length measured from a 
renal capsule to an outer margin of renal sinus fat. The paren- 
chymal thickness averages 3-3.5 cm in the polar regions and 
2-2.5 cm in the interpolar regions. If the minimum thickness 
is measured below 1 cm and the length of the kidney is 
simultaneously measured below 9 cm, involved kidney must 
be considered as an irreversible pathologic change associ- 
ated with chronic renal disease. The important influencing 
factors for length and parenchymal thickness are body mass 
index (BMD), height, gender, age, the absence of contralat- 
eral kidney, position of the kidney, stenoses, and number of 
renal arteries. 

The normal kidney is surrounded by perinephric fat and 
renal fascia. The anterior renal fascia (fascia of Gerota) cov- 
ers the kidney anteriorly, whereas the posterior renal fascia 
(Zuckerhandl’s fascia) covers the kidney posteriorly. These 
fascial players divide the general retroperitoneal space into 
three compartments extending from the diaphragm to the 
pelvic brim—anterior pararenal space, perinephric (perirenal) 
space, and posterior pararenal space. The anterior pararenal 
space lies between the posterior parietal peritoneum and ante- 
rior renal fascia. The lateral border of the anterior pararenal 
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space is lateroconal fascia. The perinephric (perirenal) space 
lies between the anterior and posterior renal fascia. The pos- 
terior pararenal space lies between the posterior renal fascia 
and transversalis fascia. The renal hilum, containing renal 
pelvocalyces and vessels, opens toward anteromedial direc- 
tion. The ureter turns downward in front of the psoas muscle, 
crosses over the iliac vessels, and opens into the base of the 
urinary bladder. There are normal constrictions of the ure- 
ter: at the ureteropelvic junction, crossing over the psoas 
muscle, crossing over the iliac vessels, and the ureterovesi- 
cal junction. 

The normal ureter turns downward in front of the psoas 
muscle, crosses over the iliac vessels, and opens into the base 
of the urinary bladder. The bladder lies in the perivesical 
space. Thickness of bladder wall is even and depends on the 
degree of bladder filling. 


Plain and Intravenous Urographic Findings 


On plain radiograph of the abdomen, the kidneys, liver, 
spleen, and urinary bladder are usually identified by sur- 
rounding radiolucent fat. The kidneys are parallel to the outer 
border of the psoas muscle. The left kidney is usually slightly 
higher than the right kidney. The psoas muscle is usually out- 
lined by the fat, and disappearance of this outline may repre- 
sent accumulation of fluid or mass adjacent to the psoas 
muscle. The outline of the quadratus lumborum muscle is 
parallel and about 1-cm lateral to the outline of the psoas 
muscle. The “flank fat stripe” is the continuation of the pos- 
terior pararenal space and is located between the transversa- 
lis fascia and parietal peritoneum. The top of the bladder is 
outlined by perivesical fat. 

IVU is the best imaging modality for the visualization of 
the collecting system (collecting ducts, calices and intrarenal 
collecting systems, ureters, and urinary bladder). Despite the 
recent introduction of new diagnostic methods such as CT 
and MRI, IVU is still the most accurate imaging modality for 
visualizing the urothelium-lined surfaces and evaluating 
potential abnormalities (transitional cell carcinoma, mucosal 
striations, pyelitis cystica). 

In the early nephrogram phase, [VU shows the renal out- 
line. The densities of both renal nephrogram should be simi- 
lar and even. The normal kidney is sharply marginated and 
smooth in contour. On the 5-min image after contrast injec- 
tion, the entire renal contour and the position of the kidney 
should be assessed. There should be temporal symmetricity 
between bilateral renal contours. The nephrogram should be 
receding as the collecting system becomes opacified. On the 
10-min image, the pyelogram is the dominant urographic 
element. The pathologic lesions at renal papillae and pelvo- 
calyces should be evaluated on this image. The difference in 
renal excretion of both kidneys or delayed excretion of both 


kidneys can also be estimated. Various methods can be con- 
sidered to augment the visualization of the collecting system 
and renal pelvis—abdominal compression, the Trendelenberg 
position, and other gravity maneuver. The normal kidney has 
10-15 calyces. The calyces should be sharply defined and 
deeply curved. The renal calyx can be divided into a simple 
calyx and a compound calyx. In simple calyces, each minor 
calyx drains one papilla, whereas multiple papillae enter into 
a compound calyx. Compound calyces are common in polar 
regions of the kidney. The infundibula should be straight 
without distortion. The renal pelvis is variable in appearance. 
The usual funnel-shaped pelvis lacks clear demarcation of 
the ureteropelvic junction, whereas the box-shaped pelvis 
has clear demarcation of the ureteropelvic junction. 

On the 15-30-min image, the ureter and urinary bladder 
should be evaluated. An absolute ureteral diameter exceed- 
ing 8 mm is considered as a ureteral dilatation. As aforemen- 
tioned, the ureter turns downward in front of the psoas 
muscle, crosses over the iliac vessels, and opens into the base 
of the urinary bladder. There are normal constrictions of the 
ureter: at the ureteropelvic junction, crossing over the psoas 
muscle, crossing over the iliac vessels, and the ureterovesical 
junction. The size and contour of the bladder is variable 
depending on the degree of filling. The normal bladder is 
round and smooth in contour. The normal bladder is tethered 
only at the lower aspect of the anatomic pelvis. The post- 
voiding image can be helpful in assessing residual volume of 
urine and evaluating a back flow to upper urinary tract (vesi- 
coureteral reflux). 


Ultrasonographic Findings 


US is often the first imaging modality in the evaluation of the 
kidney, either in routine abdominal screening or as the initial 
diagnostic measure in symptomatic patients. On grayscaled 
US, the echogenecity of the normal renal cortex is slightly 
lower than that of liver and slightly higher than that of renal 
medulla. The central echo complex of the renal sinus is usu- 
ally bright. The splitting of renal sinus echoes may be seen if 
postdiuretic condition, fully expanded bladder, and/or early 
hydronephrosis have occurred. The cortex and medulla can 
be differentiated in about half of normal adults. The low echo 
of medulla may be confused with cyst or diverticulum. The 
upper-polar area is usually hypoechoic due to compound 
papilla, which may be confused with a mass. Arcuate arteries 
at the corticomedullary junction may be demonstrated with 
high echo. Normal minor calyces are usually not identifiable 
on US, but major calyces and pelvis appear anechoic with 
thin wall. The ureter is usually not identified unless dilated. 
The fluid-filled urinary bladder is symmetric with thin wall. 
In the neonatal kidney, the echogenecity of the normal renal 
cortex is higher than in the adult kidney, because of its 
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increased number of glomeruli. The renal pyramids are more 
prominent. As the renal sinus fat is almost absent, the central 
echo complex of the neonatal kidney is different from that of 
the adult one. 

Improvement in US technology can enable better depic- 
tion and characterization of smaller and more subtle abnor- 
mal finding. For example, tissue harmonic imaging, which 
the echoes of the harmonic frequencies are used for imaging, 
shows better lateral and axial resolution, enhanced signal- 
to-noise ratio, and reduced artifacts than fundamental 
B-mode US imaging. The tissue harmonic imaging is very 
helpful to detect and to characterize a small cystic lesion 
including incidentally detected simple cyst. 

On color Doppler US, renal vessels including interlobar 
(adjacent to medullary pyramids) and arcuate (at the corti- 
comedullary junction) vessels, are well visualized. Power 
Doppler US can demonstrate slow blood flow and can dem- 
onstrate renal parenchymal perfusion. Spectral Doppler US 
is usually performed at interlobar artery. The resistive index 
(RI) of interlobar artery is used to estimate the peripheral 
renal vascular resistance. The RI is calculated as this for- 
mula: peak systolic velocity (PSV) minus end-diastolic 
velocity (EDV) divided by PSV. The RI is independent 
parameter of the angle between US beam and blood flow, 
thus not requiring Doppler angle adjustment. The highest 
frequency probe that gives measurable waveforms should be 
used, supplemented by color or power Doppler US as neces- 
sary for vessel localization. Arcuate or interlobar arteries are 
then insonated using a 2- to 4-mm Doppler gain. Waveforms 
should be optimized for measurement using the lowest pulse 
repetition frequency without aliasing (to maximize wave- 
form size), the highest gain without obscuring background 
noise, and the lowest wall filter. Three to five reproducible 
waveforms from each kidney are obtained, and the RIs from 
these waveforms are averaged to arrive at mean RI values for 
each kidney. 

In general, the normal RI of adult kidney is less than 0.70. 
But, in children, it is common for the mean RI to exceed 0.70 
through the first year of life, and a mean RI greater than 0.70 
can be seen through at least the first 4 years of life. In elderly 
adults without renal insufficiency, the normal RI can also 
exceed 0.70. It is probably due to age-related changes in vas- 
cular compliance, or the consequence of small vessel changes 
in the kidney. The elevated RI means an increase in intrare- 
nal vascular resistance. Renal pathologic conditions associ- 
ated with vascular or interstitial disease show the elevated RI 
values. In contrast, kidneys with isolated glomerular disease 
may show the normal RI values. The RI measured from 
Doppler US can be used to serve as a useful adjunct for the 
grayscale assessment of renal disease. 

US-related artifacts may mimic a pseudolesion or may 
support a precise diagnosis. “Duplication artifact” is defined 
as arefractory artifact that causes apparent duplication of the 
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upper pole of the kidney. This artifact is due to sound beam 
refraction between the lower pole of the spleen or liver and 
adjacent fat. It is more common in the left kidney and occurs 
more frequently in obese patients. It may mimic a suprarenal 
mass. In contrast, “twinkling artifact” on color Doppler US 
may support a diagnosis more precisely. This artifact is 
defined as a rapidly changing mixture of colors observed 
behind highly reflective structures on color Doppler US. It 
can be detected in the calcified areas of various tissues. It is 
not dependent on the variation of the wall motion color filter 
or the pulse repetition frequency. It can be differentiated 
from blood flow color signal for its peculiar aspect of mixed 
color bands parallel to the US beam independent of arterial 
pulses. In the diagnosis of a urinary stone, twinkling artifact 
can perform an important role. This artifact can especially 
aid the detection of obscured stones surrounded with hyper- 
echoic renal sinus or too small-sized stones without poste- 
rior acoustic shadowing, which are difficult to detect with 
grayscaled US only. 


Computed Tomographic Findings 


CT is the best imaging modality to demonstrate detailed 
anatomy of the urinary tract and surrounding structure. With 
CT images, the anatomic location, the characteristics, the 
extent of the lesion, and the secondary findings of adjacent 
structures can be detected at a glance. Multidetector CT 
(MDCT) is the most recent advance in CT technology. 
MDCT uses a multiple row detector array instead of the sin- 
gle row detector array used in helical CT. It allows 2-25 
times faster scan times than helical CT, with better image 
quality. It also results in decreased breath-hold times, with 
reduced motion artifact and more diagnostic images. By 
using MDCT scanner, various image thicknesses can be 
obtained from the same acquisition data set. Secondary 
workstation analyses using images from MDCT are possi- 
ble—multiplanar reformation (MPR); maximum intensity 
projection (MIP); three-dimensional (3D) volume-rendered 
imaging; and coronal and sagittal reformatted imaging. 
Imaging protocols and parameters vary depending on the 
type of MDCT scanner (number of detectors and name of 
manufacturer). At least, the imaging protocol of the kidney 
should include precontrast (noncontrast), corticomedullary 
(angionephric), and excretory (urographic or delayed). These 
multiphasic CT scans can help to detect and diagnose a 
lesion more precisely. Precontrast scans are necessary to 
evaluate urolithiasis, detect acute hematoma, and demon- 
strate baseline density measurement of renal masses. Without 
contrast enhancement, the attenuation of the renal cortex and 
medulla cannot be distinguished. Corticomedullary demar- 
cation can be obtained in the corticomedullary-phased scans. 
On this phase, the renal cortex shows intense enhancement, 
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whereas the renal medulla remains relatively less enhanced. 
The excretory phase is used to evaluate renal collecting sys- 
tem, ureter, and urinary bladder. On the excretory phase, the 
enhancement of renal cortex and medulla reach equilibrium 
and collecting system (renal pelvocalyces), continuing ure- 
ter can be opacified due to excretion of contrast media. The 
renal pelvis and continuing ureter can be easily traced on 
CT. As mentioned, the ureter turns downward in front of the 
psoas muscle, crosses over the iliac vessels, and opens into 
the base of the urinary bladder. The urinary bladder and sur- 
rounding structures are also well demonstrated on this 
phased image. The bladder lies in the perivesical space. 
Thickness of bladder wall is even and depends on the degree 
of bladder filling. 

Maximum intensity projection (MIP), one of the postpro- 
cessing techniques, displays the maximum voxel intensity 
along a line of viewer projection in a given volume. High- 
density structures, such as contrast-filled vessels and the col- 
lecting system, are demonstrated well in images, such as 
angiograms or urograms. The main disadvantage of MIP is 
to obscure the area of interest by high-density material such 
as bone, calcium, and oral contrast media. 


MRI Findings 


Recent improvements in MRI have changed the playing field 
about renal imaging. MRI techniques with rapid acquisition 
times can bypass many of the motion artifacts that previously 
posed limitations to abdominal MRI and are now widely 
used. MRI is especially attractive in assessing renal-related 
disorders in children, and in patients with renal insufficiency 
or renal allografts, because of the lack of exposure to ioniz- 
ing radiation. Renal MR imaging is now widely available as 
an alternative or complementary imaging modality to US, 
excretory urography, and CT. Furthermore, functional renal 
imaging with various MR-related sequences is a fast-grow- 
ing field of MRI. 

T1-weighted spin-echo MRI demonstrates distinct corti- 
comedullary contrast of the kidney by higher signal intensity 
of the renal cortex and lower signal intensity of the medulla. 
On Tl1-weighted image, the medulla has a similar signal 
intensity compared with the muscle. On T2-weighted MRI, 
the signal intensities of both renal cortex and medulla are 
increased. Compared with Tl-weighted spin-echo MRI, 
T2-weighted spin-echo MRI shows poor distinction of corti- 
comedullary contrast. T2-weighted signal intensity of a nor- 
mal kidney is higher than that of liver and many other soft 
tissues but close to that of the spleen. The signal intensity of 
sinus fat is high on both T1- and T2-weighted images. The 
signal intensity of urine-containing renal pelvis is low on 
Tl1-weighted image and high on T2-weighted image. The 
signal intensities of the renal vessels are low on both T1- and 


T2-weighted images except the high signal intensity of slow 
venous flow on T2-weighted image. 

The use of fat suppression can augment image contrast 
and reduce artifact caused by respiration and other bulk 
motions. When applied to motion-insensitive non-breathhold 
techniques using single-shot technique (half-Fourier single- 
shot turbo spin echo [HASTE]; single-shot fast spin echo 
[SSFSE]) or 3D volume interpolated breathhold gradient 
echo sequence (VIBE), fat-suppression sequence can offer 
improved image contrast and can identify the presence of fat 
within a lesion. The chemical-shift imaging (in-phase and 
opposed-phase gradient echo imaging) has a good capacity 
to detect microscopic, fractional intravoxel lipid. When fat 
and water are present within a voxel, a loss of signal intensity 
on an opposed-phase image is noted compared with the in- 
phase images. A complete renal examination requires the use 
of T1-weighted images with chemically selected fat-suppression 
in addition to in- and opposed-phase imaging. 

When the ureter is obstructed and invisible on IVU, the 
MR urography is useful to delineate the ureter and the cause 
of obstruction. The urinary bladder and surrounding struc- 
tures are well demonstrated on MRI. The sagittal and coro- 
nal images are helpful to evaluate the lesion in the dome or 
case of the bladder. Contrast-enhanced T1-weighed MR uro- 
graphic techniques allow monitoring of renal excretory func- 
tion by tracing the passage of the contrast agent from the 
vessels into the upper urinary tract. MR angiography can be 
the only suitable option for patients referred to assess a vas- 
cular etiology for renal insufficiency. Furthermore, MR 
angiography has an additional benefit in detecting incidental 
but significant pathologies, including parenchymal lesions in 
the intra-abdominal organs and other potential caused for 
renal insufficiency or hypertension. 


Others 


On renal arteriography, branches of the renal artery are well 
demonstrated. The main renal artery divides into ventral and 
dorsal rami that further divide into segmental arteries. 
Interlobar arteries divided from the segmental arteries pene- 
trate renal parenchyma and divide into arcuate arteries that 
run between renal cortex and medulla. 


Normal Variations and Pseudolesions 


A variety of normal variations and pseudolesions may pro- 
duce variable unusual appearances on the radiologic images 
of the urinary tract. Pseudotumor of the renal parenchyma is 
the most common pseudolesion in the urinary tract. It refers 
to normal renal tissue that mimics an abnormal mass. There 
are primary and acquired pseudotumors. The primary 
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pseudotumors include the prominent column of Bertin, 
dromedary hump (splenic hump), and fetal lobulation. The 
secondary pseudotumor is localized (focal) compensatory 
hypertrophy associated with previous inflammatory disease. 
Adjacent extrarenal structure such as accessory spleen or 
splenosis may mimic a primary renal mass. 


Prominent Column of Bertin 


The column of Bertin, originally described by Bertin as a 
septum (cloison), is a thickened aggregate of the cortical tis- 
sue instead of the usual thin cortical septum that separates 
two pyramids. It is the most common cause of renal pseudo- 
tumors on IVU and cross-sectional images. The junction of 
the upper and middle thirds of the kidney is the most com- 
mon site of prominent column. It causes deformity of adja- 
cent calyces and infundibula and focal dense nephrogram on 
IVU or angiography. It can also mimic low or isoechogenic 
renal mass on the US and iso-attenuated mass on CT. 
However, it usually does not cause any bulge on the outer 
cortex. Color or power Doppler US may demonstrate blood 
vessels passing through the lesion, unlike the true parenchy- 
mal tumor in which the vessels are usually stretched and dis- 
placed in the periphery of the mass. During dynamic 
enhancement, it usually enhances uniformly like renal cortex 
and presents isodense attenuation compared with adjacent 
enhanced normal parenchyma. 


Dromedary Hump (Splenic Hump) 


A prominent bulge on the lateral border of the kidney is 
sometimes appreciated on imaging studies, such as IVU or 
CT. This hump may be present on either kidney but is more 
often on the left side. It is caused by thick parenchyma and 
does not cause any deformity on the pelvocalyceal system. 
This is called dromedary hump and represents molding by 
the spleen and liver. Like prominent column of Bertin, Color 
or power Doppler US may demonstrate blood vessels pass- 
ing through the lesion, unlikely the true parenchymal tumor, 
in which the vessels are usually stretched and displaced in 
the periphery of the mass. During dynamic enhancement, it 
usually enhances uniformly like renal cortex and presents 
isodense attenuation compared with adjacent-enhanced nor- 
mal parenchyma. 


Fetal Lobulation 
At the fourth month of gestation, there are classically 14 


renal lobules separated by longitudinal fibrous grooves. 
Following the 28th week of gestation, assimilation of the 
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boundary between these lobules occurs. Persistence of these 
grooves into adulthood results in the lobulation on the renal 
contour. It is called persistent fetal lobulation. We can dif- 
ferentiate fetal lobulation from pathologic scarring of chronic 
pyelonephritis by smooth renal contour, regular spacing, and 
the absence of calyceal blunting or deformity in fetal lobula- 
tion. Fetal lobulation shows the indentation of renal paren- 
chymal sparing the normal pyramids. In contrast, pathologic 
scarring shows the indentation of renal parenchyma overly- 
ing the normal pyramids. 


Localized Compensatory Hypertrophy 
of Renal Parenchyma 


The kidneys affected by severe focal disease such as reflux 
nephropathy frequently have islands of unaffected paren- 
chyma adjacent to the lesion. These islands are usually hyper- 
trophied to compensate for the impaired renal function of the 
adjacent-scarred parenchyma. They can mimic a mass lesion 
by producing displacement or impression on the neighboring 
calyces. 


Extrarenal Lesions Mimic Intrarenal Tumor 


Extrarenal structures such as the spleen, colon, pancreas, 
adrenal gland, and gall bladder may mimic a primary intrare- 
nal mass, because of close proximity to the kidney. Similarly, 
some pathologic conditions in one of these organs may 
mimic a primary renal mass. For example, an accessory 
splenic tissue, a medial lobule of the spleen, or a splenosis 
mimics a renal mass. We can differentiate these lesions from 
primary intrarenal mass by confirming the origins and simi- 
larity of contrast enhancement to that of adjacent-involved 
structures. 


Hilar Lip 


The renal hilar lip is marked by infoldings of renal cortical 
tissue that line the entrance of the renal sinus. It is mostly 
noted at medial border of the left kidney just above the renal 
pelvis. It may appear as a prominent bulge or as a peduncu- 
lated mass projecting medially from the superior hilar region. 
When an isolated hilar lip is seen on CT, it is usually an 
upper lip. During dynamic enhancement, it shows similar 
enhancement to adjacent normal parenchyma with the con- 
nection with the rest of the kidney. Coronal reformation can 
also be useful in confirming the presence of a hilar lip. In 
coronal images, we may show the fat projecting into the 
renal hilum separating the hilar lip tissue from adjacent renal 
parenchyma. 


1 Normal Findings and Variations of the Urinary Tract 


Junctional Parenchymal Defect 


A triangular echogenic area is identified most often in the 
upper pole of the right kidney. Similar echogenic defect also 
can be seen in the lower pole of the left kidney. These defects 
in the parenchyma result from extension of the renal sinus fat 
due to incomplete fusion of two embryogenic parenchyma- 
tous masses. This normal variation can be differentiated from 
pathologic conditions, such as parenchymal scarring or 
angiomyolipoma, by its characteristic location and continu- 
ity with the renal sinus. 


Sinus Lipomatosis and Abnormal Echo 
of Sinus Fat 


A variable amount of fat and fibrous tissue is present in the 
renal sinus extending around the calyceal infundibuli. When 
the fat and fibrous tissue increases in amount, the renal pel- 
vis is compressed and the infundibuli are elongated and 
stretched. At times increased sinus fat and fibrous tissue may 
have an echogenicity lower than that of the normal sinus fat 
tissue and can mimic urothelial tumor of the renal pelvis on 
US. An unusually hypoechoic sinus fat is considered as a 
type of sinus lipomatosis. Unlike urothelial tumor of the 
renal pelvis such as transitional cell carcinoma, the 
hypoechoic sinus fat tends to show an irregular and poorly 
defined margin, a central and symmetric location in the renal 
sinus, the presence of posterior acoustic shadowing with 
nonvisualization of the posterior border of the lesion, and an 
unaffected peripheral hyperechoic renal sinus. Color Doppler 
images show hilar vessels traversing the lesion in the renal 
sinus. The urothelial tumor tends to show a relatively more 
distinct margin, including the posterior margin of the mass, 
and absence of posterior shadowing. Color Doppler images 
shows a displacement of hilar vessels by the mass. If these 
differentiating findings are uncertain, further imaging such 
as CT or MRI is helpful to differentiate the sinus lipomatosis 
from multiple parapelvic cysts and urothelial tumor of the 
renal pelvis. 

The most common cause of sinus lipomatosis is obesity. 
Aging is also a common cause of increased amount of sinus 
fat, which replaces the atrophied renal parenchyma. Chronic 
infection, particularly associated with calculi, tends to pro- 
duce asymmetrical increase of sinus fat tissue. 


Unidentified Bright Objects on the US 


On US, tiny echogenic foci are occasionally seen in the renal 
parenchyma. They are called unidentified bright objects 
(UBOs). These echogenic foci frequently accompany rever- 
beration artifact, but posterior sonic shadowing is absent. 


The possible causes of these UBOs in the kidney are tiny 
stones, tiny cysts, small calyceal diverticulum with wall cal- 
cification or milk of calcium, calcified arteries, and tiny 
angiomyolipoma. CT or MRI may be helpful to differentiate 
among the causes of the renal UBOs. 


Nephroptosis 


Normal kidneys may displace downward within the distance 
of two lumbar vertebral bodies when patients change posi- 
tions from supine to standing. Displacement of a greater 
degree (more than two lumbar vertebral bodies) is referred as 
nephroptosis. In contrast to ectopic kidneys, nephroptotic 
kidneys have a normal-length ureter, with tortuous appear- 
ance on IVU taken in standing position. Most ptotic kidneys 
are asymptomatic, but may cause intermittent obstruction, 
which is called Dietl’s crisis, presenting with severe colicky 
flank pain, nausea, vomiting, and transient hematuria or pro- 
teinuria. Symptomatic nephroptosis is more common in 
females. In addition, it is more common on the right side. 


Pseudohydronephrosis 


Variable conditions can mimic hydronephrosis on the radio- 
logic images. Prominent renal vessels may be confused with 
dilated pelvocalyces on grayscale US. We can easily differ- 
entiate these vessels from the dilated pelvocalyces using 
color Doppler US. On contrast-enhanced CT in early phase, 
the renal pelvis and ureter that are not opacified with contrast 
material may mimic hydronephrosis. Multiple parapelvic 
cysts also can mimic dilated pelvocalyces on grayscale US, 
which can be differentiated from hydronephrosis by demon- 
strating the absence of communication between the cystic 
lesions. [VU demonstrates the normal pelvocalyceal system 
with subtle compression or displacement. Contrast-enhanced 
CT easily distinguishes the pelovcalyces filled with contrast 
material and cystic lesions creeping between the calyceal 
infundibuli. Extrarenal pelvis usually mimics renal pelvis 
dilatation. It appears as box-shaped pelvis on urography and 
as a dilated pelvis on CT. However, the excretion of the con- 
trast media is not delayed without an obstructing lesion. 


Variations in Calyces and Papillae 


Compound calyces are a common variation produced by 
fusion of minor calyces. These are commonly seen in the polar 
areas, particularly in the upper pole. Multiple minor calyces 
are drained into one major calyx, with the resultant appear- 
ance of one major calyx possessing multiple papillae. The 
intrarenal reflux occurs most easily in compound calyces, 
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because their orifices are more patulous than those of simple 
calyces. This explains the tendency for reflux nephropathy to 
be most frequent and most severe in the polar areas of the 
kidney. 

When the calyceal infudibula arise from the pelvis out- 
side of the kidney and penetrate the renal parenchyma indi- 
vidually, they are called extrarenal calyces. They are usually 
asymptomatic. 

Rarely, a renal papilla is ectopic or aberrant, and protrudes 

into a calyx in an unusual position. It is not symptomatic, but 
it may be confused with a lesion since it appears as a round, 
well-circumscribed filling defect in the pelvis on urography. 
Polyps, neoplasms, and blood clots can produce similar 
appearances. 
The normal human kidney has 10-14 minor calyces. 
Polycalycosis is an anomaly in which an excessive number 
of calyces are present. Polycalycosis is usually associated 
with congenital megacalycosis. Rarely, a unipapillary kid- 
ney can be found, which is usually associated with renal 
hypoplasia. 


Vascular Impressions on Pelvocalyces 


On IVU, intrarenal vascular impressions are commonly seen 
on the upper infundibulum and renal pelvis. Renal artery as 
well as renal vein can produce impressions. The crossing 
veins produce large filling defects, whereas the arteries pro- 
duce sharply defined small defects on IVU. Hematuria may 
be associated with vascular impressions. Occasionally, vas- 
cular impressions may cause pain, especially when the 
patient takes in a large amount of fluid. Fraley described such 
a sequence in the upper infundibulum; therefore, it is called 
Fraley’s syndrome. Extrarenal vascular impressions are com- 
mon in the presence of multiple renal arteries. The aberrant 
lower-pole arteries may cause impressions near the uretero- 
pelvic junction. 


Papillary Blush and Renal Back Flow 


Papillary blush is produced by the contrast material concen- 
trated in the normal collecting ducts. It appears as a fan- 
shaped density in the renal papilla. This finding is seen more 
often when nonionic contrast material is used instead of an 
ionic one and is more evident when IVU is performed with 
compression of the ureter. It should not be confused with the 
finding of papillary brush that represents the collection of 
contrast material in abnormal dilated collecting ducts in 
medullary sponge kidney. 

Several types of backflow were described: pyelosinus, 
pyelotubular, pyelovenous, and pyelolymphatic. Pyelosinous 
or pyelointerstitial backflow is the most common type, 
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which results from rupture of the fornix. It occasionally 
occurs during IVU when an acute obstruction is present in 
the urinary tract. 


Medial Position of Ureters 


Medial displacement of the ureter may be a normal variation 
or a manifestation of an abnormal lesion. Mild and abrupt 
medial deviations usually appear on the margin of the normal 
psoas muscle or in the area where the ureter crosses common 
iliac vessels. Obstruction and progression are absent in these 
normal variations. Hypertrophy of the psoas muscle may 
cause anterolateral deviation of the upper ureter and medial 
deviation of the mid-lower ureter. The lower portion of ure- 
ters may appear straight and medially displaced after pelvic 
surgery such as radical hysterectomy. 


Miscellaneous Variations of the Urinary Tract 


Fetal Valve of Ureter 

In the infant and young child, mucosal redundancy is com- 
mon, with the appearance of folds or webs in the ureter. They 
usually appear in the upper ureter and multiple. Usually they 
do not cause obstruction, and most disappear with aging. 


Ureteral Jet 

The spurt or jet of urine emerging from the ureteral orifice 
may be observed on various imaging studies, including IVU, 
color, or power Doppler US, and contrast-enhanced CT or 
MRI. It is not only a normal finding but also a good sign that 
vesicoureteral reflux or obstruction is not present. 


Bladder Ear 

In young infants, inferomedial protrusions of the bladder 
lumen, called bladder ears, may be present. They are prob- 
ably due to the close relationship of the bladder and persis- 
tent large inguinal canal in infants. The protrusions are 
usually transitory and most often seen when the bladder is 
partially filled. Bladder ear usually disappears when the 
bladder is full and the infant grows up. 


Vicarious Excretion 

On IVU or contrast-enhanced CT, most contrast material is 
excreted by the kidney, but a small amount is excreted by the 
liver, intestine, lacrimal gland, and salivary gland. In cases of 
renal insufficiency, these extrarenal excretory pathways 
become important. In such cases, contrast material within 
the gallbladder or intestine is well visualized on the plain 
radiograph or CT obtained 12—24 h after intravascular admin- 
istration of the contrast material. This process is known as 
vicarious excretion. 
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1 Normal Findings and Variations of the Urinary Tract 


Fig. 1.1 Normal plain radiograph in a 17-year-old woman. (A) Normal 
plain radiograph (kidney—ureter—bladder) obtained as a scout image of 
an IVU well delineates the outlines of the kidneys (black arrows) and 
psoas muscles (white arrowheads). Note well-demonstrated properito- 
neal fat layers or flank stripes (curved black arrows). (B) Magnified 


image of plain radiograph shows medial margin of the right kidney 
(black arrow), liver edge (open white arrow). Also note right properito- 
neal fat layer (curved black arrow) and the fat layers (white arrow- 
heads) between the muscles of the abdominal wall. e external oblique 
muscle, i internal oblique muscle, £ transversalis abdominis muscle 


Fig. 1.2 Normal IVU in a 28-year-old woman. (A) IVU obtained 
5 min after injection of contrast material shows various shapes of calyces. 
(B) 15-min IVU shows well-opacified urinary tracts. Note compound 


calyces (black arrows) in the upper poles of both kidneys and normal 
peristaltic contrast flow of both ureters. (C) 30-min IVU shows contrast- 
filled urinary bladder at the lower aspect of the anatomic pelvis 
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Fig. 1.2 (continued) 
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Fig. 1.3 Normal papillary blush in a 57-year-old woman. IVU taken 
15 min after injection of nonionic contrast material shows homoge- 
neous staining of the renal papillae (black arrowheads) due to collec- 
tion of contrast material in normal collecting ducts. Normal papillary 
blush should be differentiated from “papillary brush” seen at medullary 
sponge kidney. Abnormal papillary brush shows contrast fillings in 
abnormally dilated collecting tubules of renal medullae 
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2. Normal and Associated Findings: US of the Kidney 


2 Normal grayscale US of the neonatal kidney. (A) Longitudinal 
US of the right kidney in a 1-day-old female infant shows relatively hyper- 
echoic renal cortex (c) and prominent hypoechoic renal medulla (m). Note 
that the echogenicity of the normal renal cortex is higher than that of adult 
kidney and renal sinus fat echo is almost absent. Black arrow indicates 
fetal lobulation. (B) Longitudinal US of the right kidney in an 18-day-old 
woman infant. Note that the renal cortex shows relative hyperechogenicity 
and renal medulla shows prominent hypoechogenicity. Black arrow indi- 
cates fetal lobulation. L liver 


Fig. 2.1 Normal grayscale US of the kidney. (A) Longitudinal US of 
the right kidney in a 37-year-old man shows normal echogenicity of the 
renal parenchyma. Note that the echogenicity of the renal cortex (c) is 
lower than that of the liver (L), and is higher than that of the renal 
medulla (m). (B) Longitudinal US of the left kidney in a 58-year-old 
man shows that renal cortical echogenicity (c) is slightly higher than 
that of the renal medulla (m). Note that the renal contour shows lobula- 
tions (black arrows). It is called fetal lobulation. (C) Longitudinal US 
of the left kidney in a 54-year-old woman shows renal cortex (c) and 
hypoechoic medulla (m). Note that corticomedullary differentiation is 
more prominent than A and B. s renal sinus 
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Fig. 2.3 Grayscale US findings of the renal vessels: normal findings. 
(A) Transverse US in a 37-year-old man shows left renal vein (white 
arrowheads) coursing between the aorta (A) and superior mesenteric 
artery (s) to the inferior vena cava (V). (B) Transverse US in the same 
patient as A shows right renal artery (white arrowheads) arising from the 
aorta (A), V inferior vena cava. (C) Longitudinal US performed along the 
inferior vena cava (V) in a different patient shows right renal artery 
(black arrow) coursing behind the inferior vena cava. c crus of the dia- 
phragm, G gall bladder, P portal vein, s superior mesenteric artery 


Fig. 2.4 Color Doppler US findings of the renal vessels: normal find- 
ings. (A) Color Doppler US performed along the right renal vessels in a 
51-year-old man shows right renal artery (a) and right renal vein (v). 
Also note intrarenal vessels including interlobar (white arrows) and 
arcuate (white arrowheads) vessels. (B) Color Doppler US of the right 
kidney in a 62-year-old woman well demonstrates intrarenal vessels 
including interlobar (white arrows) and arcuate vessels (white arrow- 
heads). (C) Color Doppler US of the left kidney in a 27-year-old woman 
shows left renal artery (a) and right renal vein (v). Intrarenal vessels 
such as interlobar (white arrows) and arcuate (white arrowheads) ves- 
sels are also seen 
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Spectral Doppler US findings of the intrarenal arteries: 
normal findings. (A) Spectral Doppler US of the right kidney per- 
formed at the level of interlobar artery in a 32-year-old woman 
shows normal Doppler spectral pattern with a resistive index of 


0.63. (B) Spectral Doppler US of the right kidney performed at the 
level of interlobar artery in a 51-year-old woman shows normal 
spectral pattern with early systolic compliance peak (white arrows). 
Resistive index is 0.69 in this case 


Duplication artifact and twinkling artifact. (A) Duplication 
artifact of the right kidney in a 26-year-old woman. Longitudinal US 
shows mass-like lesion in the upper pole (white arrows). This artifact is 
due to sound beam refraction between the lower pole of the spleen or 
liver and adjacent fat. (B) Longitudinal US of the same kidney as A ina 
different angle shows no evidence of a mass in the upper pole. (C) 
Twinkling artifact of the right kidney in a 49-year-old man. Longitudinal 


US shows an identified bright object (white arrowhead) with posterior 
shadowing (black arrow). (D) Color Doppler US in the same kidney as 
in C shows mixed color band (white arrowheads) with rapidly changing 
mixture of color behind a hyperechoic focus, probably caused by a pap- 
illary calcification or a small calyceal stone. It can be differentiated 
from true blood flow signal in that it has peculiar mixed color bands 
parallel to the US beam independent of arterial pulses 


Illustrations 


3. Normal Findings: CT of the Kidney 


CT findings of the normal kidney in a 64-year-old man. (A) 
Nonenhanced CT shows smooth contour and homogeneous attenuation 
of the kidneys. (B) Contrast-enhanced CT in cortical phase shows 
strong enhancement of the renal cortex and low-attenuated renal 
medulla resulting in distinct corticomedullary differentiation. (C) CT 
scan in delayed excretory phase shows homogeneous enhancement of 


the renal parenchyma and excreted contrast material in the renal pelvis. 
(D and E) Coronal and sagittal reformatted images are helpful to iden- 
tify the anatomical location and the extent of the lesion. (F) Normal 
papillary blush on CT images. CT images show normal staining of 
renal papillae (white arrowheads) due to collection of contrast material 
in normal collecting ducts 
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(continued) 


Illustrations 
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Fig. 3.1 (continued) 


Fig. 3.2 High attenuated renal medullae on nonenhanced CT. (A) 
Nonenhanced CT in a 26-year-old woman shows high attenuated 
medullae (white arrowheads) of the right kidney, probably due to dehy- 
dration. (B) Nonenhanced CT in a 72-year-old woman shows enhanced 
renal medullae (white arrowheads) of the right kidney. Note that stom- 
ach and duodenum are filled with high attenuated materials (black 


arrow). Patient performed gastrointestinal study with diatrizoic acid. 
(C) Nonenhanced CT in a 29-year-old woman shows renal excretion of 
contrast material in the both pelvocaliceal system (black arrows). Note 
faintly enhanced renal medullae of right kidney (white arrowheads). 
Patient performed MRI with contrast-enhancement (gadolinium-based 
MR contrast material) before CT scanning 


20 1 Normal Findings and Variations of the Urinary Tract 


Fig. 3.3 CT images using postprocessing techniques. (A and B) arteries by high-density pelvic bony shadows on A. (C) Three- 
Maximum-intensity projection (MIP) images show entire renal arterio- dimensional volume-rendered image demonstrates good presentation 
gram and urograms in a 64-year-old man. Note obliteration of iliac of branches from abdominal aorta 
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4. Normal Findings: MRI of the Kidney 


Fig. 4.1 Normal turbo spin-echo MR images of the kidney in a renal cortex (c) and low intensity of the renal medulla (m). (B) On 
67-year-old woman. (A) T1-weighted turbo spin-echo MRI (repetition T2-weighted turbo spin-echo MRI (TR/TE=2,500/98 ms; flip 
time [TR]/echo time [TE] =490/8.3 ms; flip angle=150°) shows dis- angle=150°), the signal intensities of the renal cortex and medulla are 
tinct corticomedullary contrast demonstrated by high intensity of the increased, and they are not differentiated 


Fig. 4.2 Advanced MRI techniques such as chemical-shifting imag- 
ing and fat-suppression imaging in a 67-year-old woman. The in- 
phase (A) (TR/TE=110/5.0 ms; flip angle=70°) and opposed phase 
(B) (TR=110/2.4 ms; flip angle=70°) gradient echo images show 
signal drop of left adrenal mass (white arrow) suggesting adrenal 
adenoma. Note that dark outlining (white arrowheads) between kid- 
ney and surrounding fat is prominent on opposed phase image. 
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In- and opposed-phase techniques show decrease in signal (signal 
drop) from voxels containing both water and fat. Using these tech- 
niques, it is possible to detect the microscopic, intravoxel lipid. 
(C) The fat-suppression T1-weighted gradient echo MRI using vol- 
ume interpolate breath-hold gradient echo sequence (VIBE) (TR/ 
TE=4.8/2.3 ms; flip angle=10°) shows improvement of tissue 
contrast between kidney and adjacent fat 
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Normal fat-suppressed contrast-enhanced T1-weighted gradient- contrast. (B) Contrast-enhanced MRI obtained 1-min after injection of 
Scho MRI using VIBE (TR/TE=4.8/2.3 ms; flip angle=10°) in a contrast material shows enhancement of the renal cortex with distinct 
30-year-old woman. (A) Nonenhanced Tl-weighted coronal MRI corticomedullary contrast. (C) MRI obtained 3-min after injection of 
shows improved tissue contrast due to fat suppression. Note normal contrast material shows similar degree of enhancement of the renal cor- 
signal intensity of the renal parenchyma with visible corticomedullary tex and medulla 
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5. Variations of Renal Position 


Fig. 5.1 The right kidney higher than the left kidney in a 53-year-old 
woman with liver cirrhosis and splenomegaly. A 15-min IVU shows 
higher right kidney and lower left kidney because of shrunken liver and 
splenomegaly due to liver cirrhosis 


Nephroptosis on IVU. (A) Nephroptosis in a 41-year-old woman. 
IVU in supine position shows normal position of the right kidney (black 
arrows). (B) In erect position, the right kidney displaces downward (white 
and black arrows) to the degree of two lumbar vertebral heights 
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Illustrations 


Fig. 5.3 Nephroptosis in a 50-year-old woman. IVU in erect 
position shows low position of the right kidney (arrows). The right 
ureter has normal length and so is tortuous (black arrowheads) 
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6. Various Appearances of the Renal Pelvis and Calyx 


Fig. 6.1 Various shapes of the renal pelvis on IVU. IVU shows two 
typical shapes of normal renal pelvis: a funnel-shaped pelvis on left 
kidney (black arrow) and a box-shaped pelvis on the right kidney 
(curved black arrow) 


Fig. 6.2 


Bifid pelvis in a 66-year-old man. A 15-min IVU shows bifid 
pelvis (white arrows) of both kidneys separated by invaginated renal 
parenchyma. This is the mildest form of duplication anomaly of the 
renal pelvis and ureter 


Fig. 6.3 Prominent end-on papilla mimicking a calyceal-filling defect 
in a 30-year-old man. A 15-min IVU shows round radiolucencies (white 
arrows) in the upper polar calyx of right kidney and the lower polar 
calyces of both kidneys due to prominent end-on papillae. These radio- 
lucencies may mimic urothelial tumors or blood clots. Note that the 
radiolucencies are surrounded by thin ringlike radio-opacities (white 


arrowheads) that represent contrast material in the calyceal fornices 


Pa 
2 Di. e e 


4 Extrarenal calyx in a 67-year-old woman. IVU shows an elon- 
gated left renal pelvis, which is mainly extrarenal in location. Note that 
the infundibulum of the lower polar calyx (black arrow) is located out- 
side of the lower medial margin of the left kidney (black arrowheads) 
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7. Vascular Indentations on the Urinary Tract 


Fig. 7.1 Vascular indentations on IVU and CT. (A) 5-min IVU in a woman shows vascular indentation (white arrowheads) of left renal pel- 
67-year-old woman shows clear margined filling defect (white arrows)  vocalyces. White arrows indicate gall bladder stone. (D) Contrast- 
at superior aspect of the left renal pelvis. (B) Contrast-enhanced CT with enhanced CT with coronal reformation images in the same patient as 
coronal reformation images in the same patient as A show compressing C shows compressing left renal veins (white arrows) 

renal veins (white arrowheads; v). (C) 5-min IVU in a 60-year-old 
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Fig. 7.2 Vascular indentations on the calyceal infundibulum in a impressions (black arrows) on the upper calyceal infundibuli of both 
52-year-old woman with intermittent flank pain. (A) IVU obtained 25 kidneys. (B) The vascular impressions were less well-demonstrated on 
min after injection of contrast material shows well-defined linear a 15-min IVU 
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Fig. 7.3 Arterial indentation on the renal pelvis of the right kidney in a 62-year-old man. (A and B) 5- and 15-min IVU images show persistent 
well-defined arterial impressions (arrows) on the right renal pelvis 


Fig. 7.4 Impression on the right ureteropelvic junction by an acces- arrowheads). (B) Selective arteriography of the accessory lower-polar 
sory renal artery to the lower pole of the left kidney in a 50-year-old artery demonstrates the relation of the artery and the urinary tract. Note 
woman. (A) IVU obtained before arteriography shows slight dilatation that the renal pelvis and proximal ureter that are filled with contrast 
of the left renal pelvis and narrowing of the ureteropelvic junction material appear as bright shadow (black arrowheads) on this digital 
(white arrow). Note a catheter in the accessory lower-polar artery (white subtraction arteriogram 
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8. Renal Backflows 


Fig. 8.1 Pyelosinus backflow demonstrated on IVU in a 60-year-old 
man with ureteral tumor. (A) 15-min IVU shows hydronephrosis of left 
kidney with delayed contrast excretion. Multifocal contrast leak from 
the upper and lower polar calyces to the renal sinus are seen (white 
arrowheads), probably due to forniceal rupture. (B) 60-min IVU shows 


persistent hydronephrosis and hydroureter. Residual leak of contrast 
material is seen (white arrowhead). Note a filling defect (white arrow) 
at distal level of left ureter due to ureteral tumor. (C) Retrograde urog- 
raphy shows a round filling defect (black arrowheads) representing 
ureter tumor at left distal ureter 
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Fig. 8.3 Calyceal rupture due to ureteral compression during IVU. 
A 15-min IVU shows leak of contrast material (black arrowheads) from 
the calyceal fornix in the upper pole area of the right kidney. This 
patient does not have ureteral obstruction and this leakage of contrast 
material is probably due to rupture of calyceal fornix caused by ureteral 
compression applied during IVU 


Fig.8.2 Forniceal rupture due to ureteral obstruction by ureter stone in 
a 50-year-old woman. A 15-min IVU shows leak of contrast material 
(white arrowheads) from the calyceal fornix in the lower polar area of 
the right kidney 
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9. Renal Pseudotumors 


1 Normal Findings and Variations of the Urinary Tract 


Fig. 9.1 Prominent column of Bertin of the left kidney in a 69-year- 
old woman. (A) Longitudinal US shows a prominent column of renal 
parenchyma (white arrows) projecting into the renal sinus. The column 
contains a focal hypoechoic area (white arrowheads) that probably rep- 
resents a medulla surrounded by septal cortical tissues. (B and C) Color 
and Power Doppler US images show interlobar vessels running through 
the column (white arrows) and arcuate vessels (white arrowheads) 


within the column. (D and E) Contrast-enhanced CT in corticomedul- 
lary phase shows a prominent column (white arrows) projecting into 
the renal sinus. Contrast enhancement of the column is identical to that 
of the adjacent renal parenchyma. Note that the column contains a 
medulla (white arrowhead in D) that is less enhanced than cortex at 
corticomedullary phase CT 


Illustrations 
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Fig. 9.2 Prominent column of Bertin of left kidney in a 60-year-old 
man. (A) Longitudinal US shows a prominent column of renal parenchyma 
(white arrows) projecting into the renal sinus. The column contains a 
focal hypoechoic area (white arrowheads) that probably represents a 
medulla surrounded by septal cortical tissues. (B) Color Doppler US 
shows interlobar vessels (white arrows) running through the column. 
(C) Contrast-enhanced CT with coronal reformation in corticomedullary 


phase shows a column (white arrow) projecting into the renal sinus. 
Contrast enhancement of the prominent column is identical to that of 
the adjacent renal parenchyma. (D) Contrast-enhanced CT with coronal 
reformation in excretory phase shows a prominent column (white 
arrow) projecting into the renal sinus. Note that the column contains a 
medulla with excretion into a calyx (black arrowhead) 
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Fig. 9.3 Dromedary (splenic) hump in a 58-year-old woman. (A) arrows). (C and D) Contrast-enhanced coronal reformatted CT images 
Longitudinal US shows a bulging contoured low echoic lesion on the show a focal bulging of parenchymal tissue (white arrows) without 
lower lateral border of the left kidney (white arrows). (B) Color Doppler demonstrable mass on the lateral border of the left kidney 

US shows vascular flow signals passing through the lesion (white 
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Fig. 9.4 Localized 
compensatory parenchymal 
hypertrophy of renal parenchyma 
in a 51-year-old woman with 
end-stage kidney disease 
kidney. (A) Longitudinal US 
shows an exophytic round 
nodular mass-like lesion 
(white arrows, marker *+”) 
in lower pole of small-sized 
left kidney. (B) Dynamic 
contrast-enhanced CT images 
reveal exophytic round 
parenchymal tissue that shows 
similar contrast enhancement to 
adjacent normal parenchyma 
(white arrows). Left kidney 
shows severe atrophic change 
with localized compensatory 
parenchymal hypertrophy that 
may be mistaken for an 
exophytic renal tumor 


36 1 Normal Findings and Variations of the Urinary Tract 


Fig. 9.5 Renal pseudotumor due to duplication artifact in a 52-year- | CT shows no demonstrable cystic lesion. This pseudolesion is probably 
old woman. (A) Longitudinal US images show round hypoechoic lesion due to duplication artifact caused by beam refraction between the lower 
(white arrows) with thick echogenic wall in the interpolar area. On US, pole of the spleen and adjacent fat 

it was diagnosed as a complicated cyst. $ spleen. (B) Contrast-enhanced 
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Fig. 9.6 Renal pseudotumor due to pancreatic tail in a 40-year-old Dynamic contrast-enhanced CT shows no demonstrable mass in the 
man. (A) Longitudinal US shows a round, hypoechoic mass lesion upper polar area of the left kidney. Instead, prominent pancreatic tail (1) 
(black arrows) abutting upper pole of left kidney. s spleen (B and C) is seen between the spleen and the left kidney 
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Fig. 9.7 Renal pseudotumor 
due to normal spleen in a 
54-year-old-man. 

(A) Longitudinal US shows 
abnormal, round-shaped 
hypoechoic soft tissue lesion 
(white arrows) between left 
kidney (LK) and spleen (SPN). 
(B) Contrast- enhanced CT shows 
no demonstrable mass between 
the left kidney and the spleen (5). 
Medial and inferior part of 
normal spleen seems to be a 
cause of this pseudotumor 
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10. Fetal Lobulation 


Fig. 10.1 US image of fetal lobulation in a 75-year-old woman. 
Longitudinal US of the right kidney shows lobulation with regular 
indentations (white arrows) on the outer margin of the kidney 


Fig. 10.2 Contrast-enhanced CT images of fetal lobulation in a 
75-year-old woman. (A and B) Transverse and coronal images show 
severe lobulated contours and prominent indentations (white arrows) in 
both kidneys 
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11. Hilar Lip 


Fig. 11.1 Suprahilar lip of the right kidney on IVU in a 70-year-old 
woman. 15-min IVU shows a focal bulging of renal contour in suprahi- 
lar portion of the right kidney (black arrows). This finding is a normal 
finding and should not be mistaken for an exophytic renal tumor 


Fig. 11.2 CT images of hilar lip in a 64-year-old woman. (A and B) 
Contrast-enhanced CT images in transverse plane show an isolated 
renal parenchyma (white arrows) located at suprahilar portion of the 
left kidney. This region shows similar contrast enhancement to adjacent 
normal parenchyma. Note a deep indentation by perirenal fat (white 
arrowheads). (C) On coronal reformatted images, there is a bulging of 
renal contour (white arrow) above the renal hilum 
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Illustrations 


12. Junctional Parenchymal Defect 


Fig. 12.1 Junctional parenchymal defect in a 65-year-old man. 
Longitudinal US of the right kidney in a 65-year-old man shows a 
wedge-shaped hyperechoic lesion (white arrow) in the anteromedial 
aspect of the upper pole. This lesion is continuous with renal sinus fat 
(S) and shows similar echogenicity 
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g. 12.2 Junctional parenchymal defect in a 29-year-old woman. (A) 
Longitudinal US of the right kidney in a 29-year-old woman shows a 
linear hyperechoic lesion (white arrow) with continuity with hyper- 
echoic renal sinus fat (S). (B) Longitudinal US medial to B, a triangular- 
shaped hyperechoic lesion (white arrow) is seen, which is continuous 
with renal sinus fat (S) 
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Fig. 12.3 US and CT images 
of a junctional parenchymal 
defect in a 58-year-old woman. 
(A) Longitudinal US of the right 
kidney shows a wedge-shaped, 
hyperechoic lesion (white 
arrow). This lesion is continuous 
with renal sinus fat (5). 

(B) Dynamic contrast-enhanced 
coronal reformatted CT images 
reveal a triangular-shaped 
parenchymal defect (white 
arrows). Renal artery and vein 
are seen in a junctional 
parenchymal defect (black 
arrowheads) 
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13. Renal Unidentified Bright Objects on Ultrasonogram 


Fig. 13.1 A UBO with twinkling artifact on US in a 57-year-old artery. (B) Color Doppler US shows a mixture of colors behind the 
woman. (A) Longitudinal US of the right kidney shows an echogenic echogenic focus (white arrow). This echogenic focus probably caused 
focus (white arrow) in the upper pole, which probably represents twin- by a tiny calcification in the papilla 

kling artifact composed of a specular reflective echo from an arcuate 
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Fig. 13.2 An unidentified bright 
object on US in a 37-year-old 
woman, probably caused by a 
small cyst with wall calcifica- 
tion. (A) Longitudinal US of the 
left kidney shows an echogenic 
focus with suspected echogenic 
tail (white arrow) in the 
interpolar area. (B) Nonenhanced 
(left) and contrast-enhanced 
(right) CT scans reveal a tiny 
renal cyst (white arrow) with 
fine calcification (white 
arrowhead) 


Fig. 13.3 A UBO on US in a 56-year-old woman, probably caused by upper pole. (B) Color Doppler US shows a weak twinkling artifact 
a calcification of renal artery associated with DM. (A) Longitudinal US (white arrow) posterior to the echogenic focus 
of the left kidney shows a linear echogenic focus (white arrow) in the 


Illustrations 


45 


14. Sinus Lipomatosis and Prominent Perirenal fat 


Fig. 14.1 Sinus lipomatosis and prominent perirenal fat associated 
with obesity in a 64-year-old man. (A and B) Longitudinal US of the 
right kidney shows prominent sinus fat (white arrowheads). This find- 
ing may mimic the chronic injured kidney presenting the parenchymal 
thinning. However, the size and function of the kidney was normal in 
this patient. Also note prominent, heterogeneous, hyperechoic perirenal 


fat f) 


Fig. 14.2 Prominent and heterogeneous renal sinus fat in a 66-year- 
old man. (A and B) Longitudinal and transverse US images of the 
right kidney show prominent sinus fat (white arrowheads) with hetero- 
geneous echogenicity. A region of hypoechoic sinus fat (white arrows) 
may mimic urothelial tumor of the renal pelvis. (C) Color Doppler US 
shows normal interlobar vessels passing through the hypoechoic renal 
sinus fat without stretching or displacement 
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Fig. 14.3 Prominent renal sinus fat in a 57-year-old man with liver (B) Contrast-enhanced CT reveals prominent sinus fat in the left kidney 
cirrhosis. (A) IVU shows lower position of the left kidney due to (white arrow), which is the cause of compression effect on calyceal 
splenomegaly and indistinct calyceal infundibula in the left kidney. infundibula 
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15. Pseudohydronephrosis 


Fig. 15.2 US finding of pseudohydronephrosis by multiple parapelvic 
cysts (white arrows) in a 75-year-old woman. Parapelvic cysts may be 
differentiated from hydronephrosis by absence of communication 
among the cystic lesions 


Fig. 15.1 Transient hydronephrosis in a 44-year-old woman who had 
a full bladder for pelvic US. (A) US of the left kidney shows dilatation 
of the pelvocalyces when the urinary bladder was full. (B) Repeated US 
after voiding shows disappeared pelvocaliceal dilatation 


> 


Fig. 15.3 US findings of pseudohydronephrosis by prominent renal 
vessels in a 27-year-old man. (A) US of the left kidney in transverse 
plane shows a tubular anechoic structure (black arrowheads) in the 
renal hilar region mimicking dilated pelvocaliceal system. (B) Color 
Doppler US reveals flow signal in the tubular structure (black arrow- 
heads) confirming that the structure is a blood vessel and is not dilated 
pelvocalyces 
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16. Ureter: Normal Findings and Variations 


Fig. 16.1 Medial deviation of the ureters due to large psoas muscle in 
a 53-year-old man. IVU shows medial deviation of bilateral distal ure- 


: Fig. 16.2 Medial deviation of the ureter in a 33-year-old man. IVU 
ters probably due to prominent psoas muscles 


shows medial deviation of the right proximal ureter (black arrows) 
without any abnormality 
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17. Urinary Bladder: Normal Findings and Variations 


Fig. 17.3 Ureteral jet on CT in a 27-year-old man. Contrast-enhanced 
CT shows jetting of opacified urine (black arrow) from the left ureteral 
orifice into the bladder 


Fig. 17.1 Ureteral jet on IVU in a 52-year-old woman. IVU shows a 
jet of urine from the ureteral orifice (white arrow) into the bladder 


Fig. 17.2 Ureteral jet on color Doppler US in a 56-year-old man. 
Color Doppler US of the bladder shows jetting of urine (white arrows) 
from the both ureteral orifices. This finding of ureteral jet virtually 
exclude the possibility of significant obstruction of the urinary tract 
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Fig. 17.4 Normal bladder on VCU in a 49-year-old man. VCU images in resting (A) and voiding (B) states show smooth contour of the bladder 
and absence of vesicoureteral reflux. Also note normal urethra on B (arrows) 


Fig. 17.5 Normal bladder on US in a 57-year-old woman. US of the 
bladder in transverse plane shows prominent bladder mucosa at the ure- 
terovesical junctions on both sides (white arrows) 
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Fig. 17.6 Bladder ears. (A) A 75-year-old woman who underwent Dynamic contrast-enhanced CT demonstrates protrusion of the both 
radical hysterectomy and radiation therapy for uterine cervical carci- _inferolateral aspects of the bladder into the inguinal rings (white 
noma. IVU shows protrusion of the bladder into both inguinal rings arrows) 

(black arrows). (B and C) Bilateral bladder ear in a 63-year-old man. 
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Fig. 17.7 Female prostate. IVUs in 41- (A) and 81- (B) year-old women 
show smooth elevations of the bladder necks (black arrows). This IVU 
finding is called female prostate because it closely mimics a finding of 
prostatic enlargement in the man. (C) Longitudinal US of the bladder in 


a 31-year-old woman shows elevation of the bladder neck (white arrow) 
due to prominent soft tissue of the proximal urethra. (D) Contrast- 
enhanced coronal reformatted CT images reveal elevation of the bladder 
neck (black arrows) due to prominent soft tissue of the proximal urethra 


Congenital Anomalies of the Upper 
Urinary Tract 


Introduction 


Sung Il Jung and Jeong Yeon Cho 


Congenital anomalies of the upper urinary tract are common 
in children and adults. These anomalies are classified into 
anomalies of the kidney and anomalies of the renal pelvis 
and ureter. Anomalies of the kidney include renal agenesis 
and hypoplasia, renal ectopia and anomalies of fusion, anom- 
alies of rotation, and anomalies of the renal calyces. 
Anomalies of the renal pelvis and ureter encompass congeni- 
tal ureteropelvic junction obstruction, congenital megaureter, 
circumcaval ureter, duplication of collecting system, uretero- 
cele, and ectopic ureteral insertion. Because most of this dis- 
order originates from a series of abnormal embryological 
processes, it is important to understand multiple associated 
abnormalities of certain congenital anomalies in the upper 
urinary tract. Multimodality imaging, such as computed 
tomography (CT), magnetic resonance imaging (MRI), ultra- 
sonography (US), and intravenous urography (IVU), have 
been required to evaluate a spectrum of the disorder. This 
chapter presents various imaging findings of the congenital 
anomalies of the urinary tract. 


Congenital Anomalies of the Kidney 
Renal Agenesis and Hypoplasia 


Unilateral Renal Agenesis 

Renal agenesis results from a failed process in which the ure- 
teric bud contacts the metanephric blastema to stimulate the 
development of the normal kidney. Unilateral renal agenesis 
occurs in about 1 in 1,000 births. Because the ureteric bud 
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arises from the mesonephric duct, renal agenesis is commonly 
associated with other mesonephric and paramesonephric duc- 
tal anomalies. In unilateral renal agenesis, ipsilateral abnor- 
malities of the seminal vesicles, vas deferens, epididymis, 
and testis are accompanied in the male and varying fusion 
anomalies of the uterus, and absence or hypoplasia of the 
uterus and vagina occur in the female. In particular, congeni- 
tal absence of the vagina and uterus with unilateral renal 
agenesis is known as Mayer-Rokitansky-Kiister-Hauser syn- 
drome, whereas Heryln-Werner-Wunderlich syndrome is a 
congenital anomaly of uterine didelphys, with blind hemiva- 
gina and unilateral renal agenesis. Agenesis of ipsilateral ure- 
ter, ureteral orifice, and trigone may be accompanied. The 
contralateral kidney is normal or compensatory hypertrophic, 
occasionally malrotated or dysplastic change can occur. 


Bilateral Renal Agenesis 

Bilateral renal agenesis is rare. It occurs more often in male 
than female fetuses. About 40% of involved fetuses die dur- 
ing fetal life, whereas the remaining die immediately after 
birth. The major cause of death is pulmonary hypoplasia due 
to severe oligohydramnios. On prenatal US, there is severe 
oligohydramnios and the fetal kidneys and bladder are 
persistently invisible. 


Renal Hypoplasia 

Renal hypoplasia is an incomplete development of the kid- 
ney. The kidney is small and has few calyces and papillae. 
The hypoplastic kidney is usually unilateral and often associ- 
ated with ectopic ureteral orifices and sometimes with 
obstruction or reflux. The hypoplastic kidney may appear as 
a miniature of the normal kidney, but more often it is com- 
bined with a varying degree of renal dysplasia. Ask-Upmark 
kidney is known as renal segmental hypodysplasia with 
hypertension. Acquired renal atrophy can also be caused by 
chronic pyelonephritis, renal ischemia or infarct, chronic 
obstruction, and reflux. 
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Renal Ectopia and Anomalies of Fusion 


Renal Ectopia 

Renal ectopia occurs as a result of failure of renal migration 
from the pelvic cavity to the normal renal fossa. Renal ecto- 
pia is divided into ipsilateral renal ectopia and crossed renal 
ectopia. Ipsilateral renal ectopia means that the kidney is on 
the same side of the body as the orifice of its attendant ureter. 
This ectopia is further divided into cranial and caudal ectopia 
according to whether it is above or below the normal posi- 
tion. Cranial renal ectopia is usually intrathoracic and caudal 
renal ectopia is classified as abdominal, iliac (lumbar), and 
pelvic (sacral) type. Abdominal kidney is located above the 
iliac crest and iliac kidney is located in the iliac fossa. Pelvic 
kidney is the most common type in the renal ectopia, located 
in the true pelvis. Although most ectopic kidney are clini- 
cally asymptomatic, more than half of the instances of ectopic 
kidney include hydronephrosis, and ureteropelvic junction or 
ureterovesical junction obstruction, reflux, ectopic ureter, or 
malrotation are usually common in the renal ectopia. Genital 
anomaly of uterus, vagina, and testis are also associated with 
this anomaly. Rarely, the adrenal gland is absent or abnor- 
mally positioned. About 50% of pelvic kidney has decreased 
renal function. Pelvic kidney must be differentiated from 
nephroptosis, which is mobile and low-lying kidney due to 
lack of supportive fascia. In the pelvic kidney, the ureter has 
a short course and its blood supply is derived from the infe- 
rior aorta or the iliac arteries. 

Crossed renal ectopia is defined as a kidney located on the 
opposite side from which its ureter inserts into the bladder. 
Most cases of crossed ectopic kidney are fused with normally 
situated kidney and usually below the contralateral kidney. 
The ureter from each kidney is usually orthotopic and the 
trigone of the bladder is normal. Associated anomalies 
involving skeletal and genital system are frequent in solitary 
crossed renal ectopia. US, IVU, and CT are widely used to 
demonstrate this anomaly. 


Horseshoe Kidney 


Horseshoe kidney is a common congenital anomaly, occur- 
ring in approximately 1 in 400 births. Two kidneys are fused 
usually at the lower poles. The connecting isthmus is com- 
posed of normal renal tissue or connective tissue, which is 
located between aorta and inferior mesenteric artery. 
Varying degrees of ureteropelvic junction obstruction with 
resultant infection and stones often accompany horseshoe 
kidney. Horseshoe kidneys are prone to injury, and report- 
edly the prevalence of Wilms’ tumor is increased. On IVU, 
the renal axis is vertical or reversed with the lower poles 
being medial to the upper poles. The lower pole calyces are 
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often medial to the pelvis and ureter. The renal pelvis is 
often large and extrarenal. On CT and US, isthmus is read- 
ily detected. 


Anomalies of Rotation 


Normally, the kidney and renal pelvis rotate ventromedially 
during ascent. When this process is not exact, the condition, 
known as malrotation, includes nonrotation, incomplete rota- 
tion, and overrotation. Nonrotation and incomplete rotation 
are the most common rotational anomalies. In nonrotation, 
the renal pelvis lies directly anterior to the kidney, and the 
renal pelvis lies between 30° and 90° from the horizontal in 
the incomplete rotation. This results in abnormal anterior 
facing of the renal pelvis. The renal pelvis and proximal ure- 
ter appear to be located in the more lateral position of the 
calyces on the IVU. Rarely, overrotation occurs and results 
in posterior facing of the renal hilum. 


Anomalies of the Renal Calyces 


Calyceal Diverticulum 

Calyceal diverticulum is an intraparenchymal cavity lined by 
transitional epithelium. It usually communicates with fornix by 
a narrow neck. Most cases are unilateral and single in the upper 
pole of the kidney. Diverticulum size is usually small, less than 
1 cm. Most diverticula are asymptomatic, but infection or 
obstruction may occur. Stone formation, especially milk of cal- 
cium, is a frequent complication. On IVU, calyceal diverticu- 
lum is readily detected as a round lesion filled with contrast 
material through the channel communicating with the fornix. 
On US and CT, differentiation with a renal cyst may be 
difficult. 


Congenital Hydrocalycosis 

Congenital obstruction of the calyceal infundibulum refers 
to a hydrocalycosis. Dilated calyx has a fornix and a papilla, 
which is different from a calyceal diverticulum. However, 
the differentiation from a large calyceal diverticulum may be 
difficult. 


Congenital Megacalycosis 

Congenital megacalycosis is defined as symmetrical enlarge- 
ment of calyces without obstruction or reflux. This anomaly 
is usually unilateral, and the size of involved kidney is nor- 
mal or mildly enlarged. Most cases are asymptomatic and 
functionally normal. On IVU, opacification of calyces may 
be slightly delayed due to large calyceal spaces and differen- 
tiation from postobstructive change of calyces may be diffi- 
cult. Congenital megaureter often accompanies. 


Introduction 


Congenital Anomalies of the Renal Pelvis 
and Ureter 


Congenital Ureteropelvic Junction Obstruction 


Ureteropelvic junction (UPJ) obstruction is defined as a func- 
tional or anatomic obstruction to urine flow from the renal 
pelvis to the ureter that results in symptoms or renal damage. 
Although congenital UPJ obstruction can be caused by aperi- 
staltic segment, intrinsic stenosis, valve and folds, insertional 
anomaly, fibrous bands and adhesions, or crossing vessels, 
the main cause of this obstruction is the presence of an aperi- 
staltic segment composed of abnormal alignment of the 
smooth muscle fibers of the ureter, resulting in functional 
obstruction to the kidney. Current widespread use of routine 
antenatal US leads to most detection of the asymptomatic 
congenital UPJ obstruction in the fetal and neonatal period, 
so this entity is the most common cause of neonatal abdomi- 
nal mass. Diagnostic studies are performed for the purpose of 
assessing both the anatomic site and the functional signifi- 
cance of an apparent obstruction. Renal US and diuretic renal 
scan are usually used to confirm obstruction and to evaluate 
quantitative data about renal function and obstruction. On 
IVU, calyces and pelvis are dilated and the opacification is 
delayed or invisible. In some cases, the pelvis is markedly 
dilated to form a huge cyst occupying the entire abdomen. 
Multidetector row CT with three-dimensional postprocessing 
image can allow a comprehensive assessment of precise site 
and cause of obstruction. Surgical pyeloplasty has been con- 
sidered the treatment of choice, but it can also be treated with 
percutaneous pyeloplasty or endoscopic pyelotomy. 


Congenital Megaureter 


Congenital megaureter is an abnormally dilated ureter due to 
an idiopathic congenital alteration at the vesicoureteral junc- 
tion. There are three major categories of this entity: obstructed 
megaureter, refluxing megaureter, and nonrefluxing unob- 
structed megaureter. Dilatation usually involves the distal 
one third of the ureter and the calyces are usually not dilated 
or blunted. Congenital megaureter may occur in association 
with congenital megacalycosis. Most cases are asymptom- 
atic, but urinary tract infection, abdominal pain, hematuria, 
and urolithiasis may be complications. 


Circumcaval Ureter 


Circumcaval (retrocaval, postcaval) ureter is a rare congenital 
anomaly in which the ureter passes posterior to and around the 
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inferior vena cava. The anomaly occurs when the infrarenal 
vena cava segment is formed from the right subcardinal vein 
(most commonly) or postcardinal vein instead of right suprac- 
ardial vein. On IVU, the proximal right ureter is tortuous and 
dilated with associated hydronephrosis. The course of the 
proximal ureter has a reverse-J configuration before it crosses 
behind the vena cava, and then descends medial to the ipsilat- 
eral pedicle of the lumbar vertebra. CT may also demonstrate 
the ureter passing posterior and medial to the vena cava. 


Duplication of Collecting System 


Duplication of the collecting system is the most common con- 
genital urinary tract anomaly. Partial duplication results from 
the branching of the ureteral bud before it connects with the 
metanephric blastema. Complete duplication occurs when two 
separate ureteric buds arise from the mesonephric duct. When 
the junction of duplicated ureters is extravesical or intravesi- 
cal, it is called Y-duplication or V-duplication, respectively. 
The mildest form of incomplete duplication is a bifid pelvis, in 
which only renal pelvis is duplicated and they join at the ure- 
teropelvic junction. In complete type, although the lower-moi- 
ety ureter usually inserts into the trigone, the upper-moiety 
ureter usually inserts into the inferior and medial portion of the 
urinary bladder. This pattern is known as the Weigert-Meyer 
rule. Ectopic insertion of the upper-moiety ureter causes steno- 
sis of orifice and ureterocele. Lower-moiety ureter may be 
complicated by vesicoureteral reflux or UPJ obstruction. 

Most of the partial duplications and uncomplicated com- 
plete duplication are incidentally detected on IVU. In cases of 
complete duplication with severe obstruction of the upper- 
moiety ureter, the dilated upper pole may compress the lower 
pole to make a drooping lily configuration onIVU. Vesicoureteral 
reflux to the lower-moiety ureter may cause severe scarring of 
the lower pole producing the so-called nubbin sign on IVU. In 
case of partial duplication with distal obstruction, the peristalsis 
down in one ureter may force urine via reflux up the other, 
which is known as the “yo-yo” phenomenon. 

On US, sinus echo complex and pelvis are separated by 
intervening renal parenchymal tissue. In case of complete 
duplication with upper-moiety obstruction, US typically 
shows an anechoic cystic area in the upper medial part of the 
kidney. Duplication artifact of the left kidney, caused by US 
beam refraction between the spleen and adjacent fat, may be 
confused as a duplicated system. 


Ureterocele 


Ureterocele is defined as dilatation of the intramural segment 
of the distal ureter either congenitally or by acquired stenosis 
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at the distal ureteral orifice. Although simple ureterocele 
occurs in a normal single-collecting system, rare ectopic ure- 
terocele occurs in the upper-moiety ureter of the duplicated 
system. Most simple ureteroceles are small and asymptom- 
atic. Calculi within the ureterocele are common. 

On IVU, the ureterocele typically appears as a smooth, 
round, or ovoid lesion in the bladder base, with a “cobra- 
head” appearance. Usually the ureter is not dilated in case of 
small ureterocele, but marked dilatation may occur. On US, 
the ureterocele appears as a well-defined cystic lesion in the 
bladder base. 

Pseudoureterocele is defined as a lesion causing similar 
lucent-filling defect at the ureterovesical junction on IVU. 
Edema caused by impaction of a small stone or bladder 
tumor appears as a lucent-filling defect. Pseudoureteroceles 
show ill-defined margin and irregular thick wall, in contrast 
to the smooth and thin wall of true ureteroceles. 


Ectopic Ureteral Insertion 


Extravesical ureteral insertion is caused by abnormal ureteral 
bud migration, results in caudal location, and is most com- 
monly associated with complete duplication. In unduplicated 
ectopic ureteral insertion, the involved kidney is usually 
small and dysplastic and may not be visible on US or IVU. 
Ectopic ureteral insertion occurs more frequently in females 
than in males. In females, the opening of ectopic ureter 
includes lower bladder, urethra, vestibule, vagina, uterus, or 
Gartner duct cyst. Because this opening site is located at the 
level distal to the continence mechanisms of the bladder neck 
and external sphincter, ectopic ureteral insertion in females 
may be associated with incontinence. In male, it insets into 
the lower bladder, posterior urethra, seminal vesicle, vas 
deferens, ejaculatory duct, or rectum. In cases of complete 
duplication, the upper-moiety ureter usually inserts into the 
lower medial portion of the bladder. The most frequent 
anomaly associated with an ectopic ureter is hypoplasia or 
dysplasia of the renal moiety. Because there is good correla- 
tion between the degree of ectopia and the degree of renal 
abnormality, when the position of the ureteral orifice is more 
ectopic, the kidney is more dysplastic. 
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1. Renal Agenesis 
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Fi Left renal agenesis with remnant distal ureter communicating 
with left seminal vesicle in a 58-year-old man with history of recurrent 
epididymitis on the left side. (A), Contrast-enhanced CT shows absent 
left kidney and prominent left adrenal gland (arrow) in the location 
lower than usual. (B), CT scan of the pelvic cavity shows dilated remnant 


distal part of the left ureter (arrow). (C), CT scan of the lower pelvic cav- 
ity shows a round stone (arrow) in the left distal ureter joining the left 
seminal vesicle (arrowheads). (D), Transrectal US in transverse plane 
shows a stone (arrow) with posterior sonic shadowing in the left seminal 
vesicle. Also note calcifications in the prostate (arrowheads) 
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Fig. 1.2 Bilateral renal agenesis detected on prenatal US of a 28-week 

fetus. (A), US of the fetal abdomen in axial plane shows severe oligo- 

hydramnios and no demonstrable fetal kidneys. (B), Color Doppler US 

of the fetal abdomen in coronal plane well demonstrates the abdominal 

aorta, but renal arteries are not demonstrable Fig. 1.3 Heryln-Werner-Wunderlich syndrome in a 27-year-old woman. 
(A), Right kidney is not visible on IVU, suggesting right renal agenesis. 
(B), Axial T2-weighted MR image shows two split uterine horn (arrows) 
suggestive of uterine didelphys 
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2. Renal Hypoplasia 


V1 = 0.187m/s 
V2 = 0.100m/s ,. 
RI = 0.47 

S/D = 1.87 


PW:3MHz 


Fi 1 Congenital hypoplasia of the right kidney in a 38-year-old kidney with the length of 12.99 cm. Also, the shape and parenchymal 
man. (A), Longitudinal US shows a small right kidney with a length of | echogenicity of the left kidney is normal. (C), Doppler US of the right 
8.35 cm. The shape and the parenchymal echogenicity of the right kidney shows normal spectral pattern 

kidney is normal. (B), Longitudinal US of the left kidney shows a large 
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Fig. 2.2 Congenital renal hypoplasia associated with contralateral enhanced CT shows small right kidney (arrow). Left kidney is large and 
cystic medullary sponge kidney in an 18-year-old male patient. (A), has cystic lesions containing calcifications in the dependent portions. 
TVU shows collection of contrast material in the dilated-collecting (C), Contrast-enhanced CT shows small cysts in the hypoplastic right 
ducts with tubular and cystic appearances in the left kidney. (B), Non- kidney (arrow) and large cystic lesions in the left kidney 


Fig. 2.3 Ask-Upmark kidney in a 20-year-old woman with hyperten-  contrast-enhanced CT shows small right kidney where cortical thinning 
sion. (A), Contrast-enhanced CT in a transverse plane shows small right predominantly exists in the polar area with calyectasia (arrows) 
kidney with uneven parenchymal thickness (arrows). (B), Coronal 
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3. Ectopic Kidney 


- a = x 


3.1 Pelvic kidney in a 23-year-old man. Plain radiograph (A) and 15-min IVU (B) show non-opacification of the left kidney in the usual 
location. Instead, there is a kidney (arrows) in the left pelvic cavity with opacification of the pelvocalyces and ureter (arrowheads) 


Dysplastic pelvic kidney in a 26-year-old woman. (A), There is no right kidney in the renal fossa in axial contrast-enhanced CT. (B), 
Contrast-enhanced CT shows small-sized kidney with cortical irregularity (arrow) in the right pelvic cavity 
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4. Crossed Renal Ectopia 


Fig. 4.1 Crossed fused ectopic kidney in a 30-year-old man. IVU 
shows two kidneys in the left abdomen. The upper pole of the right 
kidney is fused to the lower pole of the left kidney (arrows) 


66 2 Congenital Anomalies of the Upper Urinary Tract 


5. Fusion Anomalies of the Kidney 
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Horseshoe kidney in a 67-year-old man. (A and B), IVU calyces in it (arrows). Also note that the left renal pelvis is dilated due 


images show vertical orientation of the kidneys and fusion of the lower to associated ureteropelvic junction obstruction 
poles. Note that the isthmus consists of renal parenchyma and has 
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Horseshoe kidney with parenchymal isthmus. (A), IVU shows chymal isthmus (arrows) anterior to the abdominal aorta (a). (C) 
vertical renal axes and fused lower poles (arrows). (B), US of the abdo- Spectral Doppler US of the right kidney shows 0.47 of resistive index 
men in transverse plane in a different patient well demonstrates paren- which is normal below 0.7 
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Fig.5.3 Horseshoe kidney with parenchymal isthmus in a 57-year-old demonstrate the horseshoe kidney with the isthmus composed of 
woman. (A), A 10-min IVU shows vertical orientation of the kidneys, enhancing renal parenchyma (arrows) anterior to the abdominal aorta 
suggesting a horseshoe kidney. (B and C), Contrast-enhanced CT scans (a) and inferior vena cava (v) 


< 
Fig. 5.4 Horseshoe kidney with fibrous isthmus in a 39-year-old 
woman. IVU shows vertical orientation of both kidneys indicating 
horseshoe kidney. Note that the right kidney has contour abnormality 
with calyceal deformity in the lower polar region (arrows) but the lower 
pole of the left kidney is well demarcated. This finding suggests that the 
isthmus of the horseshoe kidney is thin and composed of fibrous tissue. 
On US, no parenchymal isthmus was demonstrated (not shown) 
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Fig. 5.5 Left renal ectopia with fusion in a 29-year-old man (Courtesy reconstruction image of spiral CT well demonstrates both urinary tracts 
of Hae Jeong Jeon, M.D.). (A), [VU shows ectopic left kidney (arrows) and fusion of both kidneys 
fused with the lower pole of the right kidney. (B), Three-dimensional 
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6. Rotation Anomaly 


Reversed rotation of the kidney in a 67-year-old woman. (A), 
IVU shows malrotation of the right kidney. Note that the renal pelvis is 
directing laterally (arrow). (B), Contrast-enhanced CT scan of the kid- 
ney demonstrates anterolateral direction of the renal pelvis (arrow) 


Over-rotated kidney in a 75-year-old woman. (A), Contrast- 
enhanced CT shows posteromedial direction of the right renal hilum 
instead of normal anteromedial direction. Both renal pelvises (aster- 
isks) are of an extrarenal type and are slightly dilated. (B and C), CT 
scans at lower level show that the right proximal ureter (arrows) runs 
anteriorly 
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7. Calyceal Diverticulum 


Fig. 7.2 Calyceal diverticulum in a 68-year-old woman. A 5-min IVU 
shows a round calyceal diverticulum (arrow) connected to the fornix of 
the upper polar calyx (arrowhead) of the right kidney 


Fig. 7.1 Small calyceal diverticulum in a 34-year-old woman. A 
25-min IVU shows a small diverticulum (arrow) in the interpolar calyx 
of the left kidney. Note that the left kidney is malrotated 
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c > Calyceal diverticulum with milk of calcium urine in a 26-year- radiopacities (arrows) in the right kidney. IVU images obtained with 
old woman. (A), Longitudinal US of the right kidney shows two cystic the patient in supine (C) and upright (D) positions show two large 
lesions (arrows) that contain echogenic materials layered in the depen- calyceal diverticula (arrows) 
dent portion (arrowheads). (B), Plain radiograph shows homogeneous 


7.4 Calyceal diverticulum with stone in a 36-year-old woman. (A), kidney. (B), The cystic lesion of which contrast media is collected in the 
Axial precontrast CT shows multiple renal stone (arrow) in the right dependent portion (arrows) contains these stones on axial enhanced CT 
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8. Hydrocalycosis 


Hydrocalycosis in a 30-year-old woman. (A), Longitudinal (asterisks). IVU images obtained with the patient in supine (C) and 
US of the right kidney shows a large lobulated cystic lesion (arrows) in erect (D) positions show a large, lobulated, cystic lesion (arrows) 
the lower polar area. (B), Contrast-enhanced CT shows a large cystic containing excreted contrast material in the right kidney 
lesion (arrows) in the right kidney containing excreted contrast material 
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Fig.8.2 Hydrocalycosis in a 73-year-old woman. (A), Non-enhanced CT (C), CT scan in excretory phase demonstrates layering of excreted contrast 
shows a round cystic mass (arrow) in the left kidney. (B), Contrast- material (asterisks) in the dependent portion of the cystic lesion. Note 
enhanced CT in cortical phase well demonstrates the cystic lesion (arrow). ascites in the abdomen 


74 2 Congenital Anomalies of the Upper Urinary Tract 


9. Congenital Ureteropelvic Junction Obstruction 


Bo 


Fig. 9.1 Congenital ureteropelvic junction obstruction in a 33-year-old junction is not clear on this IVU image. (B), Retrograde pyelography 
woman. (A), A 1-h IVU shows dilated left pelvocalyces due to an obstruc- (RGP) shows that the narrowed ureteropelvic junction (arrow) is higher 
tion at the ureteropelvic junction. The exact site of the ureteropelvic than the bottom of the dilated renal pelvis (arrowheads) 


Illustrations 


Congenital ureteropelvic junction obstruction due to aberrant 
vessel in a 35-year-old woman. (A), RGP shows narrowing of the 
ureteropelvic junction (arrow) and dilated pelvocalyces. (B), Coronal 
reformation image of the contrast-enhanced spiral CT shows dilated, 
urine-filled renal pelvis (P) and an aberrant lower polar artery (arrows) 


crossing the ureteropelvic junction. (C), Maximal intensity projection 
image of spiral CT shows the aberrant vessel (arrows). (D), Shaded 
surface display image of spiral CT shows dilated renal pelvis and 
obstructed ureteropelvic junction (arrow) 
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F Congenital ureteropelvic junction obstruction with massive 
dilatation of the renal pelvis occupying whole abdomen in a 30-year- 
old woman. (A), A 10-min IVU shows non-opacification of the left 
urinary tract. (B), US of the abdomen in transverse plane shows a huge 
mass with lobulating contour occupying whole abdomen. a—aorta. 
(C), RGP obtained with the catheter in the left ureteral orifice shows the 


left ureter deviated to the right side and narrowed ureteropelvic junction 
(arrow). Injected contrast material fills markedly dilated pelvocalyces 
of the left kidney (arrowheads). (D), Non-enhanced CT scan obtained 
following RGP shows markedly dilated renal pelvis (asterisks) and 
calyces (C) of the left kidney, which are opacified with contrast material 
due to previous RGP 


Illustrations 
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Fig. 9.4 Congenital ureteropelvic junction obstruction improved after 
surgical pyeloplasty in a 55-year-old man. (A), A 24-h delayed IVU 
shows persistent dense nephrogram and dilated pelvocalyces of the left 
kidney. The right kidney already excreted contrast material. (B), RGP 


well demonstrates obstruction of the ureteropelvic junction (arrow) 
with proximal dilatation. (C), A 30-min IVU obtained 5 months after 
surgical pyeloplasty shows relieved obstruction at left ureteropelvic 
junction 
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Fig.9.5 Congenital ureteropelvic junction obstruction due to aberrant is not seen in the entire left ureter. (B), Three-dimensional reconstruc- 
vessel in a 40-year-old woman. (A), 4-h delayed IVU shows left hydro- tion CT image demonstrates the aberrant left renal artery (arrows) 
nephrosis that is filled with contrast media. The excreted contrast media crossing the ureteropelvic junction 
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10. Congenital Ureteral Obstruction 


2 Congenital obstruction of the left midureter in a 39-year-old 
man. RGP shows a short segment stricture in the left midureter (arrow) 
with mild dilatation of the proximal urinary tract. The lesion was confirmed 
to be a congenital stenosis at surgery and pathologic examination 


Fig. 10.1 Congenital obstruction of the proximal ureter in a 35-year-old 
man due to an aberrant vessel supplying lower pole of the kidney. RGP 
shows an S-shaped configuration with obstruction (arrow) in the right 
ureter with dilatation of pelvocalyces and proximal ureter. Note that the 
S-shaped loop of the ureter is narrow and does not run medial to the verte- 
bral pedicle. At surgery, there was an aberrant vessel supplying the lower 
pole of the right kidney crossing the narrowed portion of the ureter 
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Fig. 10.3 Congenital ureteral obstruction due to a ureteral valve in a 
66-year-old man. RGP shows obstruction of the left proximal ureter by 
a valve (arrow) with severe hydronephrosis 
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11. Congenital Megaureter 


Congenital megaureter and megapolycalycosis in a 30-year- dilated. (B), A 30-min IVU shows fusiform dilatation of right distal 
old woman. (A), A 5-min IVU shows large number of calyces with ureter (arrows) without significant obstruction 
slight dilatation in right kidney. Note that the right renal pelvis is not 


Congenital megaureter and megacalycosis with multiple  25-min IVU shows dilated calyces and distal ureter on left side. Note 
stones in a 30-year-old woman. (A), Plain radiograph shows multiple left renal pelvis and proximal ureter are not dilated. Also note similar 
stones (arrowheads) in the left kidney and left distal ureter. (B), A changes in the right urinary tract 


Illustrations 


Fig. 11.3 Congenital megaureter with ureteral stone in a 40-year-old 
man. (A), A 1-h IVU shows markedly dilated left ureter with multiple 
stones (arrows). (B), Axial contrast enhanced CT shows ureteral stone 
(arrow) in the dilated left distal ureter (arrowheads) 
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12. Circumcaval Ureter 


Fig. 12.1 Circumcaval ureter in a 60-year-old woman. The proximal 
right ureter is dilated with reversed-J configuration (arrows) 


Fig.12.2 RGP finding of circumcaval ureter. Right RGP shows medial 
swing of the proximal ureter due to circumcaval ureter (Courtesy of 
Cheol Min Park, M.D.) 


Illustrations 
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Fig. 12.3 Circumcaval ureter in a 72-year-old man. (A), Contrast- 
enhanced CT shows dilatation of pelvocalyces and proximal ureter 
(arrow) on the right side. (B), CT scan at slightly lower level shows 
dilated proximal ureter (arrows) going behind the inferior vena cava 
(V). Also note nondilated portion of the right ureter (arrowhead) after 
turning around the inferior vena cava 


Fig. 12.4 Circumcaval ureter with ureteral stone in a 40-year-old man. 
(A), Axial noncontrast CT shows ureteral stone (arrow) in the right 
proximal ureter. (B), AGP shows the characteristic ureteral course that 
sweeps cephalad where it passes behind the inferior vena cava. Note 
round ureteral stone (arrow) in the dilated circumcaval ureter 
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13. Duplication of the Collecting System 


i 


Fig. 13.1 Bilateral incomplete duplication in a 41-year-old man. (A), Contrast-enhanced CT scans well demonstrate duplicated and joined 
A 15-min IVU shows incomplete Y-duplications in both urinary tracts. ureters (arrowheads) 
Duplicated ureters join each other at midureter (arrows). (B and C), 
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Fig. 13.2 Duplication of the collecting systems. (A), IVU of a is bifid (arrowheads). (B), IVU of a 69-year-old woman shows incomplete 
62-year-old woman shows duplication of collecting systems in both duplication of the right collecting system joining at the midureter 
kidneys. The left ureter is duplicated down to the ureterovesical junc- (arrow), so-called Y-duplication 

tion (arrow), so-called V-duplication. Note that the right renal pelvis 
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Fig. 13.3 Y-duplication with stones in the upper moiety calyx ina (B), Plain radiograph shows multiple small calcifications (arrows) in 
40-year-old woman. (A), US shows duplicated left collecting system. the upper pole area of the left kidney. (C), IVU shows duplicated col- 
The central echo complex is separated by renal parenchyma (arrows). lecting system on the left side with dilatation and faint opacification of 
The upper pole calyces are dilated and have small stones (arrowheads). the upper-moiety system (arrows) 


Illustrations 


87 


+ Complete duplication of the collecting system with upper- 
moiety contraction and ureterocele in a 23-year-old woman. (A), 
Longitudinal US of the right kidney shows contracted upper-polar 
region with markedly increased echogenicity (arrows). (B), IVU shows 
faint opacification of the upper-moiety calyces in the right kidney 
(arrows) and an indentation on the right base of the urinary bladder 


suggesting a ureterocele (arrowhead). Note that the left collecting sys- 
tem is also duplicated. (C), Contrast-enhanced CT shows contracted 
posteromedial aspect of the upper pole of the right kidney (arrow- 
heads). (D), US of the urinary bladder in right parasagittal plane shows 
a thin-walled ureterocele in the bladder base suggesting an ectopic ure- 
terocele (arrowheads) 
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Fig. 13.5 Complete duplication of the collecting system with uretero- dilated calyces in the upper part of the kidney. (B), At cystoscopy, there 
pelvic junction obstruction in the upper moiety in a 45-year-old woman. were two ureteral orifices. A catheter was inserted into each ureteral 
(A), IVU shows dilated calyx in the upper moiety of the left kidney with orifice and RGP was taken. RGP shows severe stenosis at the uretero- 
collection of contrast material in the dependent portion of a calyx pelvic junction of the upper moiety (arrow) 

(asterisk). Note that the lower-moiety calyces are displaced by the 
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Fig. 13.6 Complete duplication with vesicoureteral reflux into the faint calyceal opacification (arrows). (B), VCU shows vesicoureteral 
lower-moiety ureter causing parenchymal scar, producing a nubbin reflux into the lower moiety urinary tract (arrows). (C), US of the right 
sign. (A), IVU shows contracted lower pole of the right kidney with kidney shows atrophic lower pole with echogenic scar (arrow) 
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Fig. 13.7 Complete duplication with a nubbin sign in a 38-year-old  Contrast-enhanced CT scans of the kidney shows normal upper moiety 
woman. (A), IVU shows faint opacification of the calyces in the con- but contracted lower moiety (arrow on C) of the right kidney 
tracted lower-polar region of the right kidney (arrow). (B and C), 
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c Double-blind ureteral duplication in a 45-year-old woman. 
(A and B), Contrast-enhanced CT scans at the level of the kidneys show 
tubular cystic lesion (asterisks) in the upper and medial aspect of the 
left kidney with lateral displacement of the left kidney. Note opacified 
gall bladder (arrow) due to vicarious excretion of contrast material. (C 
and D), CT scans at lower level show large cystic lesions (asterisk) 


anterior to the opacified left ureter (arrow) and left posterior aspect of 
the urinary bladder. (E), The cystic mass is not seen on CT scan of the 
lower pelvic cavity, which suggests that the cystic mass has blind lower 
end. Note opacified left ureter (arrow). Surgery revealed a long, tortu- 
ous, tubular, cystic mass along the left ureter, which has blind upper and 
lower ends 


Fig. 13.9 Duplication with obstruction of the ureterovesical junction 
due to a stone producing a “yo-yo” phenomenon in a 51-year-old 
woman. (A), IVU shows incomplete duplication of the right collecting 
system. There is an obstructing stone in the ureterovesical junction 
(arrow). Although the lower moiety ureter is contracted by forward 
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peristalsis, the upper moiety ureter is dilated by backward reflux 
(arrowheads). (B), Delayed image shows the contracted upper-moiety 


ureter and dilated lower-moiety ureter (arrowheads). Note a stone in 
the ureterovesical junction with surrounding edema (arrow) 


Fig. 13.10 Renal duplication artifact on US. (A), Longitudinal US of 
the left kidney shows renal duplication artifact (arrows) caused by 
refraction of US beam traveling through the spleen. This artifact may be 


confused as a duplication anomaly or a suprarenal mass. (B), Another 
patient with renal duplication artifact that may mimic a renal tumor 
(arrows) 
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Fig. 13.11 Duplication with ureterocele of upper moiety ureter ina of right upper moiety (arrows) is seen on a delayed 3-h IVU. The large 
34-year-old woman. (A), Ureter and collecting system of right lower filling defect (arrowheads) in the bladder is a ureterocele 
moiety (arrows) is well visualized on 15-min IVU. (B), Hydronephrosis 
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14. Ureterocele 


Cure 


Fig. 14.1 Simple ureterocele in a 50-year-old woman. IVU shows 
fusiform dilatation of intramural portion of the left ureter with sharply 
defined lucent wall (arrowheads), which has a typical cobra-head 
appearance 
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Fig. 14.2 Simple ureterocele in a 49-year-old man. (A and B), IVU images show a round ureterocele in the terminal portion of the left ureter with 
a thin radiolucent rim (arrowheads) 
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Fig. 14.3 Simple ureterocele in a 29-year-old man. (A), Transrectal from the top of the ureterocele (arrows). (C and D), IVU images show 
US in right parasagittal plane shows a round cystic lesion (arrows) in changing size of the right ureterocele (arrowheads) and dilated right 
the posterior wall of the urinary bladder (arrows). (B), Color Doppler distal ureter 

US in the same plane demonstrates urine flow (arrowheads) jetting 
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Fig. 14.4 Large obstructing ureterocele in a 38-year-old woman. (A), ureter and the lumen of the ureterocele are opacified with contrast mate- 
A 15-min IVU shows hydronephrosis and hydroureter on the right side rial and radiolucent wall of the ureterocele is well defined (arrowheads). 
and a large filling defect (arrowheads) in the bladder. Also note a small (C), Post-voiding image shows densely opacified ureterocele 
ureterocele on the left side (arrow). (B), On a 25-min IVU, dilated right (arrowheads) 
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Fig. 14.5 A large ureterocele in a 36-year-old woman. (A), A 25-min 
IVU shows shrunken right kidney with faint opacification. The right 
ureter is not opacified and there is a large filling defect (arrows) in the 
urinary bladder. (B), Longitudinal US of the bladder in right parasagit- 
tal plane shows dilated right distal ureter and a large ureterocele 
(arrows) bulging into the urinary bladder 
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US findings of ureterocele with a stone in a 34-year-old 
woman. (A), Transrectal US shows a round cystic lesion (arrows) in the 
left posterior aspect of the urinary bladder. Note a large stone (asterisk) 
in the ureterocele. (B), Color Doppler US shows color signal of urine 
flow (arrow) jetting from the ureterocele containing a stone 
(arrowheads) 
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Small ectopic and hypoplastic left kidney with ectopic left ureter (arrow). (C), IVU shows non-opacified left ureter and a 
ureterocele in a 54-year-old woman. (A), Contrast-enhanced CT shows round filling defect (arrows) in the base of the urinary bladder suggest- 
a very small, poorly enhancing left kidney (arrow). Note that the left ing an ectopic ureterocele. (D and E), Transvaginal US images in 
renal pelvis (arrowhead) is prominent for the size of the kidney. (B), longitudinal plane show a ureterocele (arrows). Note that the size of the 
CT scan at the level of the pelvic cavity shows non-opacification of the  ureterocele changes with peristalsis 
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Fig. 14.8 Bilateral pseudoureteroceles due to stones in the ureterovesi- shows two calcified stones (arrows) in the pelvic cavity. (B and C), IVU 
cal junctions in a 26-year-old man. This condition should be differenti- images of the urinary bladder show dilated distal ureters and irregular, 
ated from congenital ureterocele containing stones. (A), Plain radiograph thick radiolucencies representing edema (arrowheads) 
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15. Ectopic Ureteral Insertion 
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Fig. 15.1 Severe hypoplasia with ectopic ureteral orifice in a 19-year-old 
woman with incontinence. (A), A 15-min IVU shows non-opacification of 
the right urinary tract, but there is a suspicious linear opacification in the 
right paravertebral region (arrow). The left kidney is large due to compen- 
satory hypertrophy. (B), Dimercaptosuccinic acid (DMSA) radioisotope 


scan shows large left kidney and a faint radioactivity in the right abdomen 
(arrow). (C and D), Contrast-enhanced CT scans show absent right kidney 
in the normal location, but a small enhancing kidney in the right paraver- 
tebral region (arrow). This hypoplastic right kidney was removed and the 
patient’s incontinence disappeared 
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I Severe hypoplasia with ectopic ureteral orifice in a 10-year- 
old girl with incontinence. (A), A 15-min IVU shows non-opacification 
of the right urinary tract. The left kidney is large due to compensatory 
hypertrophy. (B), DMSA scan shows large left kidney and a faint radio- 
activity in the right abdomen (arrow). (C), Contrast-enhanced CT 


shows a small enhancing kidney in the right paravertebral region 
(arrow). (D), T2-weighted coronal MR image well demonstrates the 
hypoplastic right kidney (arrowheads) and its renal pelvis (arrow). This 
hypoplastic right kidney was removed and the patient’s incontinence 
disappeared 
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Fig. 15.3 Right ectopic ureteral insertion to the vagina in a 20-year- CT shows ectopic ureteral insertion (arrow) to the vagina. (C), Coronal 


old woman. (A), Axial contrast-enhanced CT shows severe hypoplastic contrast-enhanced CT shows tortuous dilated ectopic ureter (arrows) to 
kidney (arrow) in right lower abdomen. (B), Axial contrast-enhanced the vagina 


Fig. 15.4 Ectopic ureteral insertion of the left ureter into the urethra of shows dilated left distal ureter inserted to the prostatic urethra (arrow). 
a 35-year-old man. (A), Contrast-enhanced CT shows left hydroneph- Note small a midline cyst in the prostate (arrowheads) 
rosis of upper moiety in renal duplication. (B), Contrast-enhanced CT 
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Various types of benign tumors with different origins arise in 
the kidney. Benign renal parenchymal tumor includes renal 
cell tumors such as oncocytoma and papillary adenoma, meta- 
nephric tumors, nephroblastic tumors, mesenchymal tumors, 
and mixed epithelial and mesenchymal tumors. Imaging is 
crucial in the detection of these renal tumors, and plays a key 
role in the planning of the treatment. Although the differential 
diagnosis of these benign tumors and renal cell carcinoma 
(RCC) is often difficult due to the overlap of imaging find- 
ings, understanding the characteristic findings of certain 
tumors assists in the adequate treatment of patients. 

In the year 2004, the World Health Organization (WHO) 
revised the classification of renal tumors (see Table 1). 
Because the imaging findings of many benign renal tumors 
are not characteristic and overlapped with those of malignant 
tumors, solid renal masses without gross fat was once con- 
sidered as RCCs and underwent surgical resection. However, 
with the improvement and wide use of imaging techniques, 
smaller renal masses can now be detected earlier than before. 
Smaller masses tend to be more benign, yet overall incidence 
of benign renal tumors is increasing. Therefore, careful 
imaging interpretation and biopsy for smaller masses is 
important to avoid unnecessary surgery. 


Angiomyolipoma 


Angiomyolipoma is the most common mesenchymal renal 
tumor composed of a varying proportion of blood vessels, 
smooth muscle cells, and adipose tissue (classic triphasic his- 
tology). It can occur in sporadic form in 80% of cases with 
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4:1 female predominance. The other 20% of angiomyolipomas 
develop in patients with tuberous sclerosis, an inherited auto- 
somal dominant syndrome. However, 80% of patients with 
tuberous sclerosis are reported to have renal angiomyolipo- 
mas. Angiomyolipomas related to tuberous sclerosis tend to 
be bilateral and multifocal, whereas solitary, large, symptom- 
atic lesions are more common in sporadic forms. 

In the evaluation of angiomyolipoma, the most important 
role of imaging is to differentiate it from RCC, which should 
be completely removed, whereas asymptomatic angiomyoli- 
poma does not need surgical resection. Typical angiomyoli- 
poma shows hyperechogenicity on ultrasonography (US) for 
its abundant acoustic interfaces resulting from variable com- 
ponents of the tumor. Although small RCC also has hyper- 
echoic features on US, angiomyolipoma tends to be much 
more echogenic than RCC. Presence of intratumoral cysts 
and hypoechoic rim in RCC is sometimes helpful in the dif- 
ferentiation because these findings are not found with 
angiomyolipoma. 

Hypoattenuation from the fatty portion of angiomyoli- 
poma is key to diagnosis by computed tomography (CT). 
Because contrast media can obscure low attenuation from fatty 
tissue by the enhancement of vascular and muscular propor- 
tion of angiomyolipoma, unenhanced CT scan with thin sec- 
tion is required to accurately evaluate fatty attenuation. 
However, in 4.5% of angiomyolipomas, no gross fat can be 
seen on CT scan, which is called angiomyolipoma with mini- 
mal fat. Because differentiation of this tumor type from RCC 
is often difficult, biopsy or surgical resection is needed to 
attain the correct diagnosis. Uniform prolonged contrast 
enhancement on biphasic-enhanced CT and higher signal 
intensity index on chemical shift magnetic resonance imag- 
ing (MRI) are characteristics of angiomyolipoma with mini- 
mal fat, compared with RCC on recent studies. Few RCCs 
have been reported to have gross fat. A larger mass can 
engulf perirenal or sinus fat and a smaller mass can have fat 
density with calcifications or ossifications. This combination 
of fat and calcifications or ossifications in RCC can provide 
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Table 1 2004 WHO histological classification of tumors of the kidney 


Renal cell tumors 


Malignant 
Clear cell RCC 
Multilocular clear cell RCC 
Papillary RCC 
Chromophobe RCC 
Carcinoma of the collecting ducts of Bellini 
Renal medullary carcinoma 
Xp11 translocation carcinoma 
Carcinoma associated with neuroblastoma 
Mucinous tubular and spindle cell carcinoma 
RCC unclassified 
Benign 
Papillary adenoma 
Oncocytoma 
Metanephric tumors 
Metanephric adenoma 


Nephroblastic tumors 


Nephrogenic rests 
Nephroblastoma 

Cystic partially differentiated nephroblastoma 
Mesenchymal tumors 

Clear cell sarcoma 

Rhabdoid tumor 

Congenital mesoblastic nephroma 
Ossifying renal tumors of infants 
Leiomyosarcoma 

Angiosarcoma 
Rhabdomyosarcoma 

Malignant fibrous histiocytoma 
Hemangiopericytoma 
Osteosarcoma 

Angiomyolipoma 

Epithelioid angiomyolipoma 


3 Benign Renal Tumors 


Mixed mesenchymal and epithelial 
tumors 


Cystic nephroma 

Mixed epithelial and stromal tumor 
Synovial sarcoma 

Neuroendocrine tumors 

Carcinoid 

Neuroendocrine carcinoma 

Primitive neuroectodermal tumor 
Neuroblastoma 

Pheochromocytoma 

Hematopoietic and lymphoid tumors 
Lymphoma 

Leukemia 

Plasmacytoma 

Germ cell tumors 

Teratoma 

Choriocarcinoma 

Metastatic tumors 


Metanephric adenofibroma Leiomyoma 
Metanephric stromal tumor Hemangioma 
Lymphangioma 


Juxtaglomerular cell tumor 


Renomedullary interstitial cell tumor 


Schwannoma 


Solitary fibrous tumor 


RCC renal cell carcinoma 


clues for the differentiation from angiomyolipoma, which 
rarely has calcifications. 

Angiomyolipoma can grow in size on follow-up images, 
and growth rates of multiple angiomyolipomas and those 
associated with tuberous sclerosis are faster than those of 
solitary angiomyolipomas. In a follow-up study of 39 angio- 
myolipomas, the mean doubling time was 54 months. The 
growth of renal angiomyolipoma is mainly due to an increase 
in its fat component, and increase in the soft tissue compo- 
nent suggests the development of intratumoral hemorrhage. 

Smaller angiomyolipomas are usually asymptomatic. 
Larger mass can cause clinical symptoms such as flank pain, 
palpable mass, and hematuria. The most severe symptoms, 
such as acute pain and shock, are associated with rupture of 
the mass. Spontaneous nontraumatic renal hemorrhage con- 
fined to subcapsular and perirenal spaces can be the first mani- 
festation of renal angiomyolipoma, which is called Wunderlich 
syndrome. Transarterial embolization is a useful management 
technique in the treatment of ruptured angiomyolipoma or 
angiomyolipoma with high risk of rupture. When the tumor is 
larger than 4 cm or the intratumoral aneurysm size is larger 
than 5 mm, the likelihood of rupture is increased. 

Epithelioid angiomyolipoma is a rare subtype of angio- 
myolipoma characterized by proliferation of predominantly 
epithelioid cells and absence of both adipose and abnormal 


vessels. More than half of patients are associated with tuber- 
ous sclerosis, an association higher than that of classic angio- 
myolipoma. Epithelioid angiomyolipoma has a malignant 
potential and may exhibit aggressive behavior including local 
invasion, recurrence, and metastasis. Large masses with infil- 
trative growth are common, hemorrhage and necrosis may be 
present, and extrarenal extension or venous invasion may 
occur. High cellular content and lack of fat makes epithelioid 
angiomyolipoma difficult to differentiate from classic tripha- 
sic angiomyolipoma or RCC. 


Adenoma 


On the basis of histology, there are three types of renal ade- 
noma: papillary adenoma, metanephric adenoma, and onco- 
cytoma. Papillary adenoma is the most common neoplasm of 
the epithelium of renal tubules. In an autopsy study, 40% of 
patients older than 70 years have papillary adenoma. The 
size is less than 5 mm in diameter and histologically similar 
with papillary RCC. Papillary adenoma can appear as solid, 
mixed solid and cystic, or cystic mass, according to the pap- 
illary components of the tumor. Metanephric adenoma is a 
highly cellular epithelial tumor characterized by small, uni- 
form embryonic-appearing cells. Sizes are variable but most 
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are 3-6 cm in diameter. Hypovascular mass in relation to 
adjacent normal renal parenchyma is usual imaging finding, 
but much overlapped in malignant tumor such as hypovascu- 
lar RCC. 


Oncocytoma 


Oncocytoma is a benign tumor that originates from the inter- 
calated cells of the collecting duct composed of large cells 
with eosinophilic cytoplasm. Well-demarcated mass with 
homogeneous enhancement, presence of a central scar, and a 
spoke wheel pattern of arterial enhancement are typical 
imaging findings of oncocytoma. But these findings are not 
characteristic and can be seen in cases of RCC. Recently, it 
has been reported that segmental enhancement inversion at 
biphasic multidetector CT can help discriminate between 
small oncocytoma and RCC. 


Multilocular Cystic Nephroma 


Multilocular cystic nephroma is a benign cystic neoplasm 
consisting of multiple small cysts with intervening fibrous 
septa within a single large capsule. Communication between 
small cysts is absent. There is no renal parenchymal tissue 
within septa, except dysplastic tissues can be found occa- 
sionally. The septa can be mildly enhanced after contrast 
media injection, but less than the septa in RCC. Herniation of 
cysts into the renal pelvis or ureter can be seen. 


Miscellaneous Tumor 


Mixed epithelial and stromal tumor is characterized by a 
biphasic proliferation of epithelium and stroma. There is a 6:1 
female predominance and patients commonly have history of 
estrogen therapy. Mass can be mixed cystic and solid or solid 
according to the proportion of epithelial and stromal compo- 
nents. Stromal component is hypointense on T2-weighted 
MRI and shows delayed enhancement. 

Renal leiomyoma is a rare benign smooth muscle tumor. 
Most common origin is renal capsule, but it can rarely arise 
from muscularis of the renal pelvis or vascular smooth mus- 
cle. Well-demarcated solid mass with homogeneous enhance- 
ment on CT is a usual imaging finding. However, cystic and 
hemorrhagic change can be seen in larger tumors. 

Renal hemangioma can arise in renal pelvis or paren- 
chyma. Recurrent episodes of hematuria and colicky pain are 
typical symptoms. Prolonged enhancement after contrast 
media injection on CT or MR can be a clue for diagnosis. 

Juxtaglomerular cell tumor or reninoma is a benign renin- 
secreting tumor. Hypertension associated with hypokalemia 
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is a typical clinical manifestation. It is solid and usually 
smaller than 3 cm. 

Renomedullary interstitial cell tumors, formerly called 
renal medullary fibromas, are common incidental autopsy 
findings in nearly 50% of adults. Almost all tumors are 
smaller than 5 mm and located at renal medullary pyramid. 
A rare large mass can be presented as a small nonenhancing 
medullary solid mass. 

Solitary fibrous tumor is an unusual spindle cell neoplasm 
in adults, typically occurring in the pleura, but it also arises in 
the kidney. The site of origin of renal solitary fibrous tumor 
has been thought to be the renal capsule or peripelvic connec- 
tive tissue. Imaging findings are not characteristic and can be 
confused with RCC or sarcoma because of its large size. 
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1. Angiomyolipoma: Typical Findings 


Fig. 1.1 Exophytic angiomyolipoma in a 50-year-old woman. (A) 
Longitudinal US of the right kidney shows a large exophytically 
growing echogenic mass (arrows) in the upper pole. Note that the 
echogenicity of the tumor is similar to that of renal sinus and that the 
posterior margin of the mass is ill-defined. (B) Nonenhanced CT 
shows a mass (arrows) with fatty attenuation in the upper pole of right 
kidney. (C) Contrast-enhanced coronal CT shows mottled and linear 
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structures (arrows) with mild enhancement in the mass. (D) 
T1-weighted MRI shows high signal intensity of fatty tissue in the 
mass (arrow). (E) T2-weighted image also shows high signal inten- 
sity of fatty tissue. (F) Coronal fat-suppressed Tl-weighted image 
well demonstrates the exophytic nature of the mass and decreased 
signal intensity caused by fat suppression 
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Fig. 1.1 (continued) 
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Fig.1.2 Endophytic angiomyolipoma in a 71-year-old man. Longitudinal mottled flow signals (arrowheads) in the mass. (D) Enhanced axial CT 
(A) and transverse (B) US images of the kidney shows a large echogenic scan shows a hypoattenuated mass (arrow) with mottled and linear 
mass (arrows) growing endophytically into the renal sinus. Note that the enhancing structure suggesting nonfatty components (arrowheads) of 
echogenicity of the tumor is similar to that of renal sinus and that the angiomyolipoma 

posterior margin of the mass is ill-defined. (C) Color Doppler US shows 
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1.3 US findings of angiomyolipoma. (A-D) US images of four renal sinus. The masses do not have peritumoral halo or intratumoral 
different cases of angiomyolipoma show echogenic masses (arrows). cysts, which are characteristic US findings of small echogenic RCCs 
Note the echogenicity of the tumor is the same or higher than that of 


Fig. 1.4 Color Doppler US findings of angiomyolipomas. (A and B)  angiomyolipomas have enhancing components at contrast-enhanced 
Color Doppler US images of two different cases of angiomyolipoma CT or angiography, no flow signal is seen on color Doppler ultrasound 
show no demonstrable flow signals in the mass (arrow). Although most when the blood flow in the tumor is slow 
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Fig. 1.5 Angiomyolipoma with intratumoral flow signals on Doppler US. Color (A and B) and power Doppler (C) US tests of three different cases 
of angiomyolipoma show flow signals (arrowheads) within the echogenic tumor (arrows) 


Illustrations 115 


Angiomyolipoma with predominant fatty component. (A) US parenchyma, and still vascular flow in the mass is absent. (D) 
of left kidney shows round hyperechoic mass (arrow). (B) Color Nonenhanced CT scan shows a round mass (arrow) with homogeneous 
Doppler US shows no vascular flow in the mass. (C) On contrast- fat attenuation in the left kidney 
enhanced US, mass (arrow) is less enhanced than surrounding normal 


Angiomyolipoma with mixed fatty and nonfatty components right kidney. (B) After contrast material administration, enhancement 
in a horseshoe kidney. (A) Nonenhanced CT scan shows a round mass in nonfatty component is well demonstrated 
(arrow) with mixed attenuation of fat and nonfatty soft tissue in the 
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i Angiomyolipoma with scanty fatty component. (A) Nonenhanced 
CT scan shows slightly high attenuated mass (arrows) in the left kidney. 
Area of focal fatty tissue (arrowhead) is seen as low attenuation. (B) This 
mass shows heterogeneous enhancement after contrast material 
administration. Arrowhead indicates fatty component. (C) T2-weighted 


MRI shows low signal intensity of the mass. Focal area of high signal 
intensity (arrowhead) suggesting fatty tissue is also seen. (D) Fat- 
suppressed contrast-enhanced MRI shows heterogeneous enhancement of 
the mass. The area of fatty tissue (arrowhead) shows signal loss fat 
suppression 


Illustrations 117 


Fig. 1.9 Angiomyolipoma in a 47-year-old woman. (A) US shows a signal intensity (arrow) at lower pole of right kidney. (C) Coronal “out- 
well-demarcated hyperechoic mass (arrow) in the right kidney. (B)  of-phase” Tl-weighted MRI shows marked signal drop in the mass 
Coronal “in-phase” T1-weighted MRI shows a mass with slightly high (arrow), suggesting fatty components in the mass 
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2. Angiomyolipoma: Atypical findings 


Fig. 2.1 Angiomyolipoma with minimal fat in a 47-year-old woman. surrounding renal parenchyma. (B) The mass (arrow) shows heteroge- 
(A) Nonenhanced CT shows an exophytic mass (arrow) in the left kid- | neous enhancement on cortical-phase after contrast-enhanced CT. (C) 
ney upper pole. Note the mass is slightly high attenuated compared with Mass (arrow) has homogeneous low attenuation on excretory-phase CT 
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Fig. 2.2 Angiomyolipoma with minimal fat in a 60-year-old woman. wash out of contrast material in the mass (arrow) is seen. (D) US shows 
(A) Nonenhanced CT shows a small mass with subtle high attenuation a hyperechoic mass (arrow). Because it was difficult to differentiate 
(arrow) is seen in the left kidney. (B) Heterogeneous enhancement of the from an RCC, partial nephrectomy was done. Pathologic diagnosis was 
mass (arrow) is seen on cortical phase enhanced CT. (C) Homogeneous an angiomyolipoma 


Fig. 2.3 Angiomyolipoma with minimal fat in a 35-year-old woman. 
(A) Nonenhanced CT shows an exophytic mass (arrow) in the left kid- 
ney. No gross fat is seen in the mass. (B) CT number reveals focal area 
of fatty attenuation (arrows). (C) Coronal “in-phase” T1-weighted MR 
image shows a mass (arrow) with iso-signal intensity to surrounding 
renal cortex. (D) Significant signal decrease is seen in the mass (arrow) 
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on “out-of-phase” Tl-weighted MR image, suggesting fatty compo- 
nent. (E) This mass (arrow) shows hyperechogenicity on US, without 
peritumoral halo or intratumoral cysts. (F) Color Doppler US shows 
focal vascular signal (arrowhead) in the mass (arrow). Although non- 
enhanced CT scan shows no gross fat, analysis of CT number and sig- 
nal drop on MRI help diagnose angiomyolipoma 
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Angiomyolipoma with increasing size on follow-up in a (arrow) has grown up to 3.4 cm with an interval of 27 months from the 
48-year-old woman. (A) Contrast-enhanced CT scan shows a 1.3 cm initial scan. Note that mainly fatty component was increased in 
well-defined hypointense mass (arrow) in the left kidney. (B) This mass amount 


Epithelioid angiomyolipoma in a 25-year-old man. (A) Tortuous dilated vascular channels (arrows) are seen in and around the 
Nonenhanced CT shows large heterogeneous mass (arrows) in the right mass. (C) Mass is still heterogeneously enhanced on excretory phase 
kidney. Note subtle low attenuation (arrowhead) suggesting fat in the enhanced CT 
mass. (B) This mass is hypervascular after contrast material injection. 


Fig. 2.6 Recurred epithelioid angiomyolipoma in a 41-year-old 
woman. (A) A large heterogeneous attenuated mass replacing the right 
kidney is seen on nonenhanced CT scan. (B) Large heterogeneously 
enhancing mass is seen. Note multiple dilated vascular channels 
(arrows) with enhancement. (C) Six years after the resection of right 
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renal mass, two large solid masses (arrows) are seen in lower abdomen 
and pelvis, suggesting tumor recurrence. (D) These masses (arrows) 
have heterogeneous signal intensities on T2-weighted MRI. Recurred 
tumors were surgically removed and masses were located in the 
mesentery 
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3. Angiomyolipoma in Tuberous Sclerosis 


Fig. 3.1 Renal angiomyolipoma and hepatic angiomyolipoma in a fatty and nonfatty masses in both kidneys. Note that the tip of the liver also 
69-year-old woman with tuberous sclerosis. Coronal nonenhanced CT has a well-enhancing mass (arrow), suggesting hepatic angiomyolipoma 
scan (A) and enhanced CT scan (B and C) shows multiple variable-sized 
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Fig. 3.2 Extensive renal angiomyolipoma, lymphangioleiomyomato- 
sis of lung, and brain involvement in a 34-year-old woman with tuber- 
ous sclerosis. (A) Nonenhanced CT shows bilateral huge renal masses. 
Masses are mainly of fatty components. All abdominal space is 
replaced by the masses. (B and C) Large masses with a prominent fatty 


component are seen on contrast-enhanced CT. (D) Multiple variable- 
sized air cysts in both lungs suggest lymphangioleiomyomatosis. 
(E) Two large subependymal giant cell astrocytomas (arrows) with 
strong enhancement in the ventricular floor and ventriculomegaly are 
seen on enhanced coronal T1-weighted MRI 
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4. Angiomyolipoma with Retroperitoneal Hemorrhage 


Bleeding from a preexisting renal angiomyolipoma in a 
41-year-old man. (A) About 4 cm-sized heterogeneous mass (arrow) 
containing fat is seen in the lower pole of the right kidney. (B) CT scan 
taken 3 years later shows high attenuation area (asterisk) suggesting 
acute hemorrhage. (C) Contrast-enhanced CT shows a round enhancing 
lesion suggesting pseudoaneurysm (arrowheads). Perirenal hematoma 


(asterisk) is also present around right kidney. (D) Color Doppler US 
shows typical “yin-yang sign” of this pseudoaneurysm (arrows) with 
hypertrophic feeding artery (arrowheads). (E) Selective renal arterio- 
gram of right accessory renal artery shows irregular tortuous hypervas- 
cularities (arrows) and pseudoaneurysm (arrowheads) 
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Fig.4.2 Bleeding angiomyolipoma ina73-year-oldman.(A)Nonenhanced injection. (C) Renal angiogram shows a large hypervascular mass (arrows) 
CT shows a large fatty mass (arrow) in the right kidney associated with large with irregular tumor vessels. Note active extravasation of contrast material 
acute perirenal hematoma (asterisks) with high attenuation. (B) Round and (arrowheads) to retroperitoneal space 

tubular hyperdense active bleeding (arrows) is seen after contrast material 
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5. Angiomyolipoma: Postembolization Changes 


Fig. 5.1 Renal angiomyolipoma in a 36-year-old man who underwent (C) later show progressive shrinkage of mass (arrow). High-attenuated 
embolization therapy by using iodinated oil and ethanol. (A) Contrast- materials in the tumor represent iodized oil that was introduced during 
enhanced CT scan shows a large mass (arrow) containing fatty tissue in embolization 

the right kidney. Follow-up CT scans taken 4 months (B) and 16 months 
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Fig. 5.2 Angiomyolipoma in a 40-year-old woman. (A) Contrast- 
enhanced CT shows a large mass (arrows) with predominantly fatty 
component in the left kidney. The maximal diameter of the mass was 
8.5 cm. (B) Renal angiogram shows a large hypervascular mass (arrows) 
in the peripheral portion of the left kidney. Embolization therapy was 


done by using iodinated oil and ethanol. (C) Follow-up CT scan taken 
4 months later shows an increased mass (arrow) up to 11.2 cm with 
cystic change. (D) Gross specimen after nephrectomy reveals large 
mass (arrows) with cystic change (arrowheads) in the right kidney 
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6. Renal Adenoma 


Fig.6.1 Metanephric adenoma in a 56-year-old woman. (A) US shows attenuation to the surrounding renal parenchyma. Contrast-enhanced 
a homogeneous hypoechoic exophytic mass (arrows) in the left kidney. CT scans in cortical (D) and excretory (E) phases show a well- 
(B) Color Doppler US shows vascular flow signal (arrows) in the mass. demarcated mass (arrows) with slow progressive enhancement 

(C) Nonenhanced CT scan shows a mass (arrows) with subtle high 
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Fig.6.2 Metanephric adenoma in a 29-year-old woman. (A) US shows compared with adjacent renal parenchyma on nonenhanced CT. 
a well-defined homogeneous hypoechoic mass (arrows) in the right (D) Contrast-enhanced CT scan shows a round mass (arrows) with mild 
kidney. (B) Focal vascular signals (arrow) are seen in the mass on homogeneous enhancement 

power Doppler US. (C) This mass (arrows) shows isoattenuation 
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7. Renal Oncocytoma 


Fig. ` Renal oncocytoma in a 66-year-old man. (A) Contrast- central portion is not enhanced, suggesting central fibrous scar. (B) 
enhanced coronal CT scan shows a large mass (arrow) in the left kid- | Gross specimen shows a large exophytic mass (arrow) with whitish 
ney. The mass has strong enhancement in the periphery, whereas the central fibrous scar 
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Fig. 7.2 Renal oncocytoma in a 55-year-old man. (A) US shows a linear central low-attenuated portion suggesting central scar. (C) Gross 
round mass of medium-level echo (arrows) in the right kidney. (B) specimen shows a mahogany-brown-colored tumor (arrow) 
Contrast-enhanced CT shows a well-enhancing mass (arrow) with a 


Illustrations 133 


Fig. 7.3 Renal oncocytoma in a 56-year-old man. (A) Cortical phase phase CT scan: highly enhanced segment during cortical phase became 
enhanced CT scan shows a well-defined round mass with two differen- less enhanced (arrowhead), while less enhanced segment during corti- 
tiated segments: highly enhanced (arrow) and less enhanced (arrow- cal phase became highly enhanced (arrow) (From Kim et al. 2009) 
head). (B) These relative segmental intensities are inverted on excretory 
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8. Multilocular Cystic Nephroma 


Fig. 8.1 Multilocular cystic nephroma in a 40-year-old woman. (A) nature of this mass (arrow). No intervening normal parenchyma 
Contrast-enhanced CT shows a left renal mass with thick capsule and between cysts is seen 
multiple enhancing septa. (B) Gross specimen shows multilocular 
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Fig. 8.2 Multilocular cystic nephroma in a 48-year-old woman. (A) 
Transverse US shows a multilocular cystic mass (arrows) in the right 
kidney. (B) No vascular flow is seen in the septa or capsule of the mass 
(arrows) on color Doppler US. (C) Nonenhanced CT scan shows a 
round mass (arrow) with multiple septa of slightly high attenuation in 


the right kidney. (D) Septa and capsule of the mass (arrow) shows 
enhancement after contrast material injection. (E) T2-weighted axial 
MRI shows a mass (arrow) of high-intensity within the locules and 
low-intensity septa. (F) Gross specimen shows multilocular nature of 
this mass 
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Fig. 8.2 (continued) 
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F Multilocular cystic nephroma in a 50-year-old woman. (arrowheads in A) in the septa. T2-weighted (C) and T1-weighted 
Nonenhanced (A) and contrast-enhanced (B) CT scans show a large, (D) MRI in coronal plane shows a multiloculated cystic mass (arrow) 
multiloculated cystic mass (arrow) in the right kidney. Note calcifications in the upper pole of the right kidney 
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9. Miscellaneous Benign Renal Parenchymal Tumors 


Fig. 9.1 Mixed epithelial and stromal tumor in a 56-year-old woman. attenuation. (C) The high-attenuated area (arrowheads) on nonen- 
(A) Longitudinal US shows mixed echogenic (arrowheads) and hanced CT scan shows enhancement, whereas cystic lesion remains 
anechoic (asterisk) mass in the upper pole of the left kidney. (B) unenhanced. (D) Sagittal reformatted CT scan well demonstrates solid 
Nonenhanced CT shows a bulging mass (arrow) with surrounding high (arrowheads) and cystic (asterisk) nature of this mass 
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Fig. 9.2 Renal capsular leiomyoma in a 43-year-old man. (A) high attenuation of the mass. Contrast-enhanced CT scans intransverse 
Longitudinal US shows a well-defined ovoid homogeneous mass (C) and coronal (D) planes show homogeneous enhancement of the 


(arrows) abutting the right kidney. (B) Nonenhanced CT shows an ovoid mass (arrow). Ovoid shape of the mass and mild sweeping of underlying 
mass (arrow) between the right kidney and liver. Note the homogeneous renal parenchyma (arrow in D) can be a clue of capsular origin 
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Fig.9.3 Renal hemangioma in a76-year-old woman. (A) Nonenhanced This mass (arrow) shows gradual, prolonged enhancement on cortical 
CT shows a homogeneous mass (arrow) located in right renal sinus. phase (B) and excretory phase (C) contrast-enhanced CT scans 
Perirenal bridging septa (arrowhead) of right kidney are prominent. 
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Fig.9.4 Juxtaglomerular cell tumor (reninoma) in a 25-year-old woman. 
(A) US shows a well-defined round hyperechoic mass (arrows) in the 
right kidney. (B) Focal vascular signals (arrowhead) are seen in the mass 
on color Doppler US. (C) Nonenhanced CT shows a round mass (arrow) 
of subtle high attenuation. Mild gradual enhancement in the mass (arrow) 
is seen on cortical phase (D) and excretory phase (E) enhanced-CT scans. 


(F) On T1-weighted MRI, this mass (arrow) shows iso signal intensity to 
the adjacent renal parenchyma. (G) This mass shows mixed iso and high- 
signal intensity on T2-weighted image. Note the low signal intensity of 
capsule (arrowheads). (H) This mass (arrow) shows moderate enhance- 
ment on T1-weighted contrast-enhanced MR scan 
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Fig. 9.4 (continued) 
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Fig.9.5 Renomedullary interstitial cell tumor in a 72-year-old woman. right kidney. (C and D) Delayed, mild heterogeneous enhancement is 
(A) Longitudinal US scan of right kidney shows mixed hypo and hyper- seen in the medullary located mass (arrow) on cortical phase (C) and 
echoic mass (arrows) in the renal sinus. (B) Nonenhanced CT scan excretory phase (D) enhanced CT scans 

shows ill-defined mass (arrow) with isoattenuation in the sinus of the 
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Fig.9.6 Solitary fibrous tumor of the kidney in a 62-year-old man. (A) renal sinus. This mass (arrow) shows homogeneous strong enhance- 
US shows a mass (arrows) with heterogeneous echotexture in the left ment on cortical (C) and excretory phase (D) enhanced CT scan. Note 
renal sinus. (B) Nonenhanced CT scan shows a mass (arrow) with the unobstructed urine excretion through the ureter (arrowhead in D) 
homogeneous and slightly increased attenuation, located in the left 
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As renal cell carcinoma (RCC) is the most common solid renal 
neoplasm, diagnosis of a renal mass is virtually a differentiation 
of RCC from other tumors. A solid mass in the kidneys may be 
considered RCC unless strong evidence suggests another diag- 
nosis. Cystic RCCs comprise a smaller portion of all cystic renal 
masses, but differentiation of cystic RCC from benign renal 
cysts is critical to management. Most RCCs are detected by 
ultrasonography (US). Computed tomography (CT) is the dom- 
inant imaging modality for staging and surgical planning. CT 
can also provide information for the differentiation of RCC sub- 
types, which is important in planning treatment and closely 
related with prognosis. Magnetic resonance imaging (MRI) is 
used as a problem-solving modality and for staging. Lymphomas, 
metastases, and various sarcomas are other solid tumors of the 
kidney. As lymphomas and metastases have unique clinical set- 
tings, most cases can be diagnosed easily. Sarcomas are unusu- 
ally large and have a grotesque appearance. 


Renal Cell Carcinoma 


RCC is the most common primary renal tumor in adults, 
accounting for more than 90% of all renal malignancies. 
Peak incidence is between age 40 and 60, with male pre- 
dominance. The incidence has been rising due to early detec- 
tion, as 30-40% of RCCs are incidentally found at imaging. 

RCC originates from renal tubular epithelium and was 
thought to be a monomorphic disease arising from a com- 
mon precursor cell. However, it is now considered a het- 
erogeneous disease clinicopathologically because different 
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subtypes of RCCs are accompanied by distinct genetic 
abnormalities and molecular mechanisms. Gross appearance 
of RCC is spherical and often shows areas of necrosis and 
hemorrhage. Growing larger, RCC involves perirenal space, 
renal vein, renal pelvis, and sinus. 

A histological classification proposed by Union Internationale 
Contre le Cancer (UICC) and American Joint Committee on 
Cancer (AJCC) in 1997 had been widely accepted, but new 
World Health Organization (WHO) classification recognizes 
several distinct histologic subtypes of RCC in 2004. These 
subtypes include clear cell RCC, papillary RCC, chromophobe 
RCC, hereditary cancer syndromes, multilocular cystic RCC, 
collecting duct carcinoma, medullary carcinoma, mucinous 
tubular and spindle cell carcinoma, neuroblastoma-associated 
RCC, Xp11.2 translocation-TFE3 gene fusion carcinoma, and 
unclassified lesions. All subtypes of RCCs can undergo sar- 
comatoid dedifferentiation and sarcomatoid RCC is no longer 
considered a type of its own. Histologic subtype of RCC is 
important in planning treatment and closely related with prog- 
nosis, because each type has histomorphologic and biologic 
characteristics. 

Staging of RCC is the most important in predicting prog- 
nosis. Staging designed by Robson has been widely accepted 
but TNM system of UICC in 1997 is also used. The staging 
system of RCC is summarized in Table |. Radical nephre- 
ctomy had been considered as the only effective treatment 
for RCC, but limited surgical approaches including nephron- 
sparing surgery is now widely used for early-stage tumors. 
Surgical approach may also vary according to the tumor stage 
in large, extensive tumors. Therefore, accurate preoperative 
staging is important for choosing the appropriate treatment. 
CT is now the dominant cross-sectional imaging modality 
for staging RCCs owing to its accessibility, ease of perfor- 
mance and interpretation. The introduction of multidetector- 
row CT (MDCT) with three-dimensional (3D) reformatting 
techniques improves the staging capabilities of CT for RCC 
compared with MRI. In a prospective study to compare the 
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Table 1 Staging of renal cell carcinoma 


Robson stage TNM stage Description 
I Tumor confined to renal capsule 
T1 <7 cm 
102 >7 cm 
II T3a Perinephric fat or adrenal gland 
invasion 
MA Venous tumor thrombus 
T3b In renal vein or inferior vena 
cava extending below diaphragm 
T3c Extending above diaphragm 
IVA T4 Invasion of Gerota’s fascia or 
invasion of adjacent organs 
10005 Regional lymph node metastasis 
N1 In one regional lymph node 
N2 In more than one regional lymph 
node 
IVB Distant metastasis 
MO Absent 
Mi Present 


TNM tumor, node, metastasis 


diagnostic accuracy of MDCT and MRI in tumor staging of 
82 RCCs, MRI and MDCT showed similar accuracy (0.78— 
0.87 vs 0.80-0.83, respectively). 

Intravenous urography is no longer used to evaluate 
RCCs, although some RCCs may show mass effect or 
notching in the pelvocalyces, or calcifications. With wide 
use of abdominal US, RCCs are first detected more and 
more with US. Larger tumors are usually hypoechoic or 
isoechoic to renal parenchyma, whereas more than half of 
small RCCs are hyperechoic. Typically, small RCCs show 
hyperechogenicity, intratumoral cyst, and thin hypoechoic 
rim. Major differential diagnosis of small RCC is small 
angiomyolipoma that shows higher echogenicity with 
strong sonic attenuation. As RCCs grow, they often show 
heterogeneous echogenicity due to internal necrosis and 
hemorrhage. US is useful to demonstrate the extent of 
venous thrombosis but is not adequate to detect lymph 
node metastasis. Grayscale US is sensitive but not specific 
enough for the identification of renal masses, especially 
when small. The low specificity has been improved with 
the use of color or power Doppler, but the analysis of the 
vascular distribution has not increased the diagnostic accu- 
racy for small solid renal tumors. Contrast-enhanced 
Doppler US can increase the detection of intratumoral vas- 
cularity compared to color/power Doppler US. Recent 
development of contrast-enhanced harmonic US imaging 
has provided a better assessment of the vascular morphol- 
ogy and the enhancing patterns. 

On nonenhanced CT, RCC usually has attenuation simi- 
lar to the surrounding parenchyma, but may show high 
attenuation if hemorrhage is present in the tumor. After 
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injection of contrast material, it usually shows heteroge- 
neous enhancement but its enhancement seldom exceeds 
that of the surrounding normal parenchyma. Most larger 
tumors and some small tumors show areas of necrosis or 
hemorrhage. CT scan well demonstrates calcification in the 
tumor. Findings of renal vein invasion include filling defect 
in renal vein, enlargement of renal vein, and development 
of collateral vessels. CT findings suggesting perirenal fat 
invasion (the differentiation between stage I and Il) consist 
of stranding, collateral vessels, fat obliteration, discrete 
soft tissue mass, and fascial thickening. Among them, a 
mass larger than | cm is the only strong evidence of perire- 
nal invasion. Other findings are neither sensitive nor spe- 
cific. Nephron-sparing surgery requires more extensive 
knowledge of the operative site, and a study to determine 
the diagnostic accuracy of MDCT to predict intrarenal infil- 
trations of RCC showed good sensitivity in predicting arte- 
rial infiltration but the lowest specificity in excluding 
infiltration of the renal pelvis. 

CT is also important in providing renal vascular informa- 
tion before surgery. Multiplanar reformation and 3D volume 
rendering images can provide accurate information of the 
renal vasculature including the number, early branching and 
late confluence of renal vessels, the relations with the col- 
lecting system, and the depiction of anatomic variants. In a 
series of 60 cases, 74 of 77 multiple renal arteries were 
detected and 64 of 69 renal veins identified by 3D-CT. 3D-CT 
was as accurate as arteriography in the identification of the 
arteries but was superior in demonstrating venous anatomy 
and anatomic variants. 

MR imaging is not commonly used to diagnose an RCC 
but is used as a problem-solving modality in suspicious or 
undetermined renal masses. Because most solid renal 
lesions appear isointense to the surrounding normal renal 
parenchyma on T1-weighted images and variable in signal 
intensity on T2-weighted images, signal intensity itself 
cannot provide many clues to the diagnosis. Gadolinium- 
enhanced dynamic images increase the diagnostic accu- 
racy but hemorrhagic products may obscure enhancement. 
Heterogeneity on T2-weighted images is critical in such 
cases. In staging of RCC, breath-hold MR imaging has an 
accuracy of 80-82% in patients with organ-confined RCC. 
MRI can offer additional information for local staging by 
the identification of the pseudocapsule, which is formed by 
compressed renal parenchyma around RCC. The presence 
of an intact pseudocapsule is a sign of lack of perinephric 
fat invasion, predicting that the tumor can be removed by 
partial surgery. Multiplanar MR images with routine 
T2-weighted sequence are the most useful for making this 
determination. MRI has been regarded as the most accu- 
rate method to evaluate the extent of venous thrombosis, 
but in a recent study MRI and MDCT showed similar stag- 
ing results. 


Introduction 
Clear Cell Renal Cell Carcinoma 


Clear cell RCC is also known as conventional RCC and the 
most common histologic subtype (70%). Clear cell RCC 
originates from the epithelium of proximal convoluted tubule 
and typically exhibits an expansile growth pattern in the 
renal cortex. Multicentricity (5%) and bilaterality (1-2%) 
are rare. It usually appears heterogeneous at imaging due to 
the presence of hemorrhage, necrosis, and cysts. Clear cell 
RCCs typically show hypervascularity on contrast-enhanced 
CT. Calcification may be seen in 10-15%. Although gross 
fat is seldom found on CT, clear cell RCC may show consid- 
erable signal drop on opposed phase MR images due to the 
presence of intracytoplasmic fat. 


Papillary Renal Cell Carcinoma 


It is the second most common histologic subtype (10-15%). 
Two histomorphologic subtypes are present, and type 1 is 
typically of lower stage and grade with a better prognosis 
than type 2. Papillary RCC usually shows less contrast- 
enhancement than clear cell RCC on CT. Bilaterality and 
multifocality are more common than in other subtypes of 
RCC, especially with hereditary syndromes. Macroscopic fat 
may be detected on CT due to cholesterol-laden macrophages 
in very rare instances. Papillary RCC commonly shows low 
signal intensity on T2-weighted MR images due to hemor- 
rhage and necrosis. 


Chromophobe Renal Cell Carcinoma 


It is the third-most common subtype of RCC (5%). Mean age 
is in the sixth decade, with men and women equally affected. 
The prognosis is usually favorable, but hepatic metastases 
may develop in large tumors. 

Chromophobe RCC shows uniform hyperechogenicity on 
US. In even large tumors, contrast-enhancement is relatively 
homogeneous on CT and MRI. A spoke-wheel pattern of 
enhancement, which is well known as the characteristic of onco- 
cytoma, has recently been described in chromophobe RCC. 


Multilocular Cystic Renal Cell Carcinoma 


Multilocular cystic RCC consists of variable-sized cysts with 
irregular, thick, and fibrous septa, surrounded by a fibrous 
capsule. Male-to-female ratio is 3:1 and mean age is 51 years. 
It usually shows good prognosis after nephrectomy without 
recurrence and metastasis. Multilocular cystic RCCs typi- 
cally appear as multilocular cystic tumors on imaging, with 
or without asymmetric septal thickening. Calcifications are 
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found in septa or wall in 20%. Small, mildly enhancing solid 
portions may be found on CT. 

Most RCCs contain some cystic portions, but the lesion is 
called cystic RCC when the cystic component predominates. 
About 15% of RCCs are radiologically cystic. Pathogenesis 
of cystic RCC is suggested variously according to the necrotic 
and solid component, intrinsic cystic growth (cystadenocar- 
cinoma), or carcinoma arising from the wall of benign cyst. 

Cystic RCCs can be divided into three different patterns: 
unilocular, multilocular, and discrete. Among them unilocu- 
lar cystic RCC is most common. It contains a large area of 
cystic component, and the wall is usually thick and irregular 
and the internal content usually looks dirty or has debris. 

Differentiation between complicated cyst and cystic 
RCC is often problematic. Bosniak proposed a classifica- 
tion system for cystic renal masses. Category I lesions are 
simple benign cysts. Category II lesions are minimally 
complicated cysts that may have thin septa, minimal calci- 
fication, and high internal density. Category III lesions are 
more complicated cysts that exhibit features of malignancy. 
Category IV lesions are definitively malignant. However, 
differentiation of class II lesion from class III is still prob- 
lematic. Commonly accepted criteria of class II are exo- 
phytic more than a quarter of the lesion, smooth outer 
margin, homogeneous internal content, and no enhance- 
ment. When a lesion fulfills all the criteria above then it can 
be classified into category II. When a lesion does not neatly 
fall into category II but does not need surgical exploration, 
we categorize that lesion into IIF and perform 6-month 
follow-up to detect any change. 

Although the Bosniak classification is based on CT find- 
ings, it can also be applied to MRI and US. In a study evalu- 
ating cystic renal masses with comparison of CT and MR 
imaging by Bosniak classification, findings were similar in 
the majority of cases but MR images depicted additional 
septa, thickening of the wall/septa, or enhancement in some 
cases, which upgraded Bosniak classification. A recent study 
with contrast-enhanced US reported complete concordance 
in Bosniak grading in the differentiation of surgical and non- 
surgical complex cysts. However, as this modality is 
extremely sensitive in the detection of even a few small bub- 
bles of contrast material traveling tiny capillaries in a septum 
or cystic wall, minimal degree of enhancement may be per- 
ceived in some benign cysts. 


Collecting Duct Carcinoma 


It is a rare (<1%), highly aggressive subtype of RCC. The 
mean age is 55 years and the male-to-female ratio is 2:1. 
Metastasis is developed in about 30% at presentation, and 
2-year survival rate after diagnosis is less than 30%. Typical 
appearance of collecting duct carcinoma is an infiltrative 
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tumor with its epicenter in the pelvicalyceal system, and the 
medullary epicenter is evident in small tumors. However, it 
is indistinguishable from other RCC subtypes in large tumors. 
Collecting duct carcinoma may show variable echogenicity 
on US and appears heterogeneous due to necrosis and hem- 
orrhage on CT and MRI. Calcification may be detected. 
Signal intensity of collecting duct carcinoma is usually low 
on T2-weighted MR images. 


Other Rare Subtypes of Renal Cell Carcinoma 


Renal medullary carcinoma is extremely rare, and exclu- 
sively occurs in patients with sickle cell trait. Medullary car- 
cinoma almost always affects young patients, with a mean 
age of 22 years. The male-to-female ratio is 2:1. The progno- 
sis is poor. Renal medullary carcinoma appears as an infiltra- 
tive, heterogeneous mass on imaging. The epicenter of the 
tumor is located in the medulla, and caliectasis accompanies 
commonly. Tumors are typically hypovascular on CT and 
MRI, and show heterogeneous signal intensity on T2-weighted 
MR images due to necrosis and hemorrhage. 

Mucinous tubular and spindle cell carcinoma is a newly 
characterized subtype and was mistaken for sarcomatoid 
RCC or a renal sarcoma previously. It is nonaggressive and 
shows a favorable prognosis. Imaging findings have not been 
known yet. Xp11.2 translocation-TFE3 gene fusion carci- 
noma is another new subtype and occupies 20% of RCCs in 
the pediatric and adolescent age group. Indolent clinical 
course was reported despite advanced stage at presentation. 
Imaging findings are also not known well. 


Hereditary Renal Cell Carcinoma Syndromes 


In hereditary RCC syndromes, multiple renal neoplasms are 
early developed in bilateral kidneys in patients with a family 
history of RCC. Von Hippel-Lindau syndrome is the most 
famous, in which clear cell RCCs are developed with sys- 
temic syndromes including retinal angioma, central nervous 
system hemangioblastoma, and pheochromocytomas. In 
Birt-Hogg-Dubé syndrome, renal tumors including chromo- 
phobe RCC, oncocytoma, or hybrid tumors are associated 
with skin lesions or lung cysts. Papillary RCCs are related to 
hereditary papillary RCC (type 1) and hereditary leiomyoma- 
RCC (type 2). 

CT can provide information for the differentiation of the 
subtypes of RCC, and degree of enhancement, enhancement 
pattern, calcification, and tumor-spreading patterns are 
important parameters. A study reported that helical CT could 
differentiate clear cell RCC from other subtypes with a spec- 
ificity of 100% on corticomedullary phase and 91% on excre- 
tory phase CT, depending on the degree of enhancement 
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(84 and 44 HU, respectively). Chromophobe renal carcinomas 
usually showed homogeneous enhancement (69%), and 
calcification was more common in papillary and chromo- 
phobe types. Perinephric change and venous invasion were 
common in collecting duct renal carcinoma. 

RCC has a potential to metastasize to almost any site, but 
the metastatic spread normally involves the lung, bone, liver, 
adrenal glands, and brain. Unusual sites including urinary blad- 
der and gallbladder were also reported. In a study analyzing the 
recurrence patterns in 194 patients after complete surgical 
resection of RCCs, RCC usually recurs within 2 years with the 
lung being the most vulnerable site, and greatest tumor diame- 
ter, T stage, stage group, and nuclear grade were important fac- 
tors for recurrence. Another study reported that tumor diameter 
was important in predicting the metastatic recurrence, the risk 
increasing in RCC of diameter>3.0 cm. Small RCCs usually 
refer to RCCs smaller than 3 cm in diameter, which can be 
detected in 50% by US. They grow slowly, usually less than 
0.5 cm/year, and rarely metastasize. However, a study reported 
that small RCCs showed a significant incidence of high nuclear 
grade and tumor extension beyond the renal capsule, which 
supports aggressive management of small RCCs. 

RCC may arise in patients with end-stage renal disease 
(ESRD). The spectrum of histological types of RCCs arising 
in ESRD is distinct from that of sporadic RCCs, and papil- 
lary RCC commonly affects end-stage kidneys. Patients with 
a longer duration of dialysis should receive particular atten- 
tion for progression and metastasis. Although there is no 
definite consensus regarding higher incidence of RCC in 
autosomal dominant polycystic kidney disease (ADPKD), 
the prevalence of RCC is higher in patients with ADPKD 
and ESRD, with two to three times more frequent than RCC 
in patients with ESRD alone. 


Renal Lymphoma 


As kidney has no intrinsic lymphoid tissue, primary renal 
lymphoma is very rare. But kidney is one of the most com- 
mon extranodal sites of metastatic lymphoma. Lymphoma is 
the third most common metastatic cancer to the kidney, fol- 
lowing breast and lung cancers. Non-Hodgkin’s lymphoma 
is more common than Hodgkin’s disease but appearance of 
them is not different. 

Radiological findings of renal lymphoma depend upon the 
mechanism of renal involvement. The most common finding 
is multiple parenchymal masses of variable size, typically 
1-4.5 cm in diameter. This pattern is seen in 50-60% of cases. 
The lesions are most often bilateral but may also affect only 
one kidney. Direct invasion of retroperitoneal mass into the 
renal sinus is the second most common pattern (25-30%), 
followed by a solitary mass (10-25%). Other findings are 
gross enlargement of the kidneys due to diffuse infiltration, 
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perirenal mass, and preferential renal sinus involvement. On 
CT and US, lymphoma mass is characteristically homoge- 
neous. On unenhanced CT, these masses appear as soft-tissue 
lesions with slightly higher attenuation than that of the sur- 
rounding parenchyma. Calcifications within the lesions are 
rare. Nephrographic phase contrast-enhanced CT is essential 
because many lesions are small and affect the medullary por- 
tion of the kidneys, with relatively little cortical deformity. 
Lymphomatous deposits enhance less than the normal renal 
tissue and appear as relatively homogeneous masses with 
lower attenuation than that of the surrounding cortex. Large 
lesions tend to be more heterogeneous. The presence of retro- 
peritoneal adenopathy is an additional clue to the diagnosis. 
On US the mass can appear markedly hypoechoic and even 
exhibit some degree of posterior enhancement, thereby the 
lesion may be mistaken for a cystic lesion. Few reports have 
described the MR imaging appearance of renal lymphomas. 
Tumors have lower signal intensity than does normal cortex 
with T1-weighted sequences and are relatively iso- or hypoin- 
tense with T2-weighted sequences. They enhance less than 
the renal parenchyma following intravenous administration 
of gadolinium-based contrast material. 


Neuroendocrine Tumors 


This group of renal tumor includes carcinoid, neuroendo- 
crine carcinoma, primitive neuroectodermal tumor (PNET), 
neuroblastoma, and pheochromocytoma. Peripheral PNET is 
rare and its incidence in the abdomen and pelvis, including 
the retroperitoneum, is 14% of all PNETs. The peak age inci- 
dence is in the second and third decades of life and male-to- 
female ratio is 2:1. Arenal PNET usually appears as a weakly 
enhanced large mass with multiple septum-like structures, 
peripheral hemorrhage, venous thrombosis, and is accompa- 
nied by distant metastasis in a young adult. Primary renal 
carcinoid tumors are extremely uncommon. They seem to be 
more indolent than RCCs, although metastases to regional 
lymph nodes, liver, and bone have been described. 


Renal Sarcomas 


Various sarcomas can occur in the kidney, and they include 
leiomyosarcoma, hemamgiopericytoma, liposarcoma, rhab- 
domyosarcoma, and malignant fibrous histiocytoma. Renal 
sarcomas are usually very large, center at the periphery of 
kidney, and grow exophytically. Leiomyosarcoma is the most 
frequent, accounting for more than half of all sarcomas of the 
kidney. It often arises from the renal capsule. But there is no 
specific finding for leiomyosarcoma and it is often indistin- 
guishable from RCC. Radiological findings are not specific 
for a specific sarcoma. 
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Nephroblastoma (Wilms’ Tumor) in Adults 


Nephroblastoma, also named as Wilms” tumor, is a dis- 
ease of childhood, and is rare in the adult population. 
There is no distinguishing feature from RCC, and preop- 
erative diagnosis of Wilms” tumor is frequently mistaken 
for RCC. 


Metastatic Tumors 


Metastatic tumors are not difficult to diagnose because they 
are usually multiple and bilateral and have known site of the 
origin. But a large solitary renal mass in a patient with con- 
trolled malignancy is problematic. Metastatic renal tumors 
have a tendency of multiple, small, ill-marginated, and less- 
exophytic nature on CT, and homogeneous, isoechoic appear- 
ance on US. The incidence of metastasis of solitary renal 
nodule in a known cancer patient is higher than that of the 
primary RCC. When the differentiation between primary and 
metastatic tumor is uncertain, biopsy confirmation is needed 
to make a therapeutic plan. The most common original site is 
the lung, followed by breast, contralateral kidney, and colon. 
Although the most primary site cannot be presumed based on 
imaging findings of renal metastasis, metastasis from thyroid 
carcinoma may show high density on nonenhanced CT scan 
and hyperechogenicity on US, mimicking fat-deficient 
angiomyolipoma. 
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1. Renal Cell Carcinoma: Clear Cell Type 


Fig. 1.1 Hypervascular RCC of clear cell type in a 48-year-old man. renal cortex in the corticomedullary phase but less in excretory phase. 
Contrast-enhanced CT scans in corticomedullary (A) and excretory (B) The mass appears as an echogenic mass (arrows) on US (C) and shows 
phases show a round hypervascular mass (arrows in A) with central hypervascularity on power Doppler US (D) 

necrosis in the right kidney. Note that the mass enhances similarly to the 
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Fic Hypervascular RCC of clear cell type in a 47-year-old woman. 
(A) T1-weighted MR image shows a large mass (arrows) with slightly 
high intensity compared with renal parenchyma in the left kidney. 
(B) The mass (arrows) shows high signal intensity on T2-weighted MR 
image. (C and D) The mass (thick arrows) shows prominent intratumoral 


vessels (thin arrows) in the early phase of contrast-enhanced, fat-sup- 
pressed, T1-weighted coronal MR image (C) and peripheral enhancing 
portions (thick arrows) and central necrosis (thin arrows) in the delayed 
phase (D) 
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RCC of clear cell type with an intratumoral aneurysm in a in the periphery of the mass. (B and C) The nodular lesion (thin arrow) 
59-year-old man. (A) Contrast-enhanced CT scan in corticomedullary in the left renal mass (thick arrows) shows turbulent flow on color (B) 
phase shows a heterogeneously enhancing mass (thick arrows) in the and spectral (C) Doppler US 
left kidney. Note a nodular lesion (thin arrow) with strong enhancement 


Illustrations 157 


4 RCC of clear cell type growing into the renal sinus in a (thin arrows) on the corticomedullary phase image but is low-attenuated 
79-year-old man. Contrast-enhanced CT scans in corticomedullary (A) on the nephrographic phase image. (C) Contrast-enhanced, coronal 
and nephrographic (B) phases show a hypervascular mass (thick arrows) reformatted CT image shows the extent of the tumor (thick arrows) 
growing into the renal sinus. Note that the mass shows tumor vessels clearly. Note hydronephrosis (thin arrow) in the upper pole 
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Fig. 1.5 Endophytically growing RCC of clear cell type mimicking tran- 
sitional cell carcinoma on US in a 58-year-old man. (A) Longitudinal US 
of the left kidney shows an ill-defined low echoic mass (arrows) in the 
renal sinus, suggesting transitional cell carcinoma. (B) Contrast-enhanced 


CT scan in corticomedullary phase shows an ill-defined hypervascular 
mass (arrows) protruding into the renal sinus in the left kidney. (C) On 
contrast-enhanced CT scan in excretory phase, the mass (thick arrows) 
shows low attenuation and invades into a calyx (thin arrow) 


Illustrations 159 


2. Renal Cell Carcinoma: Papillary Type 


Fig. 2.1 RCC of papillary type 1 in a 42-year-old man. (A) Nonenhanced phase. (C) Contrast-enhanced CT scan in nephrographic phase shows 
CT scan shows an exophytic mass (arrow) in the left kidney. (B) The mass an ill-defined, mildly enhancing portion (arrow) in the mass 
(arrow) enhances poorly on contrast-enhanced CT scan in corticomedullary 
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Fig. 2.2 RCC of papillary type 2 in a 58-year-old man. (A) US of the attenuation on nonenhanced CT scan (B) and does not enhance well 
right kidney in longitudinal plane shows a mass (arrows) growing on contrast-enhanced CT scans in corticomedullary (C) and nephro- 
exophytically. Note that the echogenicity of the mass is higher than graphic (D) phases, mimicking a cyst 

that of the renal parenchyma. (B-D) The mass (arrow) shows low 
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Fig. RCC of papillary type 2 in a 52-year-old woman. (A-C) T1- suggesting hemorrhage. The upper part (thin arrow) shows mild, delayed 
(A) and T2 — (B) weighted coronal MR images show a round mass inthe enhancement on contrast-enhanced, fat-suppressed, T1-weighted coro- 
left kidney. The upper part of the mass (thin arrow) shows low signal nal MR image (C) 

intensity and the lower part (thick arrow) shows high signal intensity 
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3. Renal Cell Carcinoma: Chromophobe Type 


3.1 RCC of chromophobe type in a 36-year-old woman. (A) (D and E) The mass (arrow) shows intermediate signal intensity on 
Nonenhanced CT scan shows a slightly hyperdense mass (arrow) in T1-weighted MR image (D) and homogenously low signal intensity 
the right kidney. (B and C) The mass (arrow) shows homogeneous (E) on T2-weighted MR image. (F) The mass (arrows) shows homog- 
enhancement on contrast-enhanced CT scan in corticomedullary phase  enously low echogenicity on US 
(B) and homogeneous low attenuation in nephrographic phase (C). 
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RCC of chromophobe type in a 46-year-old man. (A) Nonenhanced 
CT scan shows an isodense mass (arrows) in the left kidney. (B and C) The 
mass (arrows) shows mild, prolonged enhancement on contrast-enhanced 
CT scans in corticomedullary phase (B) and nephrographic phase (C). 
Despite of the large size, the mass does not show necrotic portion 
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RCC of chromophobe type with calcifications in a 60-year-old 
woman. (A) Nonenhanced CT scan shows a large mass (large arrows) 
with calcifications (small arrows) in the right kidney. Contrast-enhanced 
CT scans in corticomedullary (B) and excretory (C) phases show mild, 
inhomogeneous enhancement of the mass (arrows) 
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4. Multilocular Cystic Renal Cell Carcinoma 


Fig. 4.1 Small multilocular cystic RCC in a 69-year-old man. (A and B) CT scans show a small cystic mass (arrow) in the left kidney (A, nonen- 
hanced scan; B, contrast-enhanced scan in corticomedullary phase). The mass is multiloculated with septal enhancement (B) 
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Fig.4.2 Multilocular cystic RCC ina 32-year-old man. (A) Nonenhanced 
CT scan shows a low-density mass (arrow) in the left kidney. (B and C) 
Contrast-enhanced CT scans in corticomedullary (B) and excretory (C) 
phases show a multiseptated cystic mass (arrow) with irregular enhancing 
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septa in the left kidney. (D) T2-weighted coronal MR image shows the 
multilocular cystic mass (arrow) in the left kidney. (E) Photograph of 
surgical specimen of the left kidney shows the multiloculated cystic 
mass (arrows) 
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5. Collecting Duct Carcinoma 


Fig. 5.1 Collecting duct carcinoma in a 57-year-old man. (A and B) extends into the renal sinus (thin arrow) but preserves the renal contour. 
Contrast-enhanced CT scans show an ill-defined mass (thick arrows) Asterisk indicates enlarged multiple paraaortic lymph nodes 
with mild, homogeneous enhancement in the left kidney. The mass 
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6. Other Rare Subtypes of Renal Cell Carcinoma 


F Xp11.2 translocation-TFE3 gene fusion carcinoma in a (black arrow). (C and D) The mass (white arrows) shows lobulation 
35-year-old man. (A and B) Contrast-enhanced CT scans in corticome- and low signal intensity on T2-weighted coronal MR image (C), and 
dullary phase (A) and nephrographic phase (B) show a large, irregular enhances mildly on contrast-enhanced, fat-suppressed, T1-weighted 
mass (white arrows) in the left kidney. Note the renal vein thrombosis coronal MR image (D) 
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i 2 Small Xp11.2 translocation-TFE3 gene fusion carcinoma in a phase (B) and in nephrographic phase (C). (D) On T2-weighted MR image, 
31-year-old man. (A) Nonenhanced CT scan shows a round, hyperdense the mass (arrow) shows homogeneously low signal intensity. (E) The mass 
mass (arrow) in the left kidney. (B and C) The mass (arrow) is well-defined (arrow) is homogeneously echogenic on US 
and enhances mildly on contrast-enhanced CT scans in corticomedullary 
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Mucinous tubular and spindle cell carcinoma in a 65-year-old 
woman. (A) Nonenhanced CT scan shows an exophytic mass (long 
arrow) with slightly high attenuation and calcification (short arrow) in 
the left kidney. (B and C) The mass (arrow) enhances well and shows 
lobulation on contrast-enhanced CT scans in corticomedullary phase 
(B) and in nephrographic phase (C) 


y RCC of unclassified type in a 49-year-old man. (A) Nonenhanced 
CT scan shows a slightly hyperdense mass (arrows) in the left kidney. 
(B and C) The mass (arrows) is ill-defined and enhances mildly on 
contrast-enhanced CT scans in corticomedullary phase (B) and in excre- 
tory phase (C) 
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7. Renal Cell Carcinoma: Sarcomatoid Dedifferentiation 


1 RCC of clear cell type with sarcomatoid dedifferentiation in 
a 58-year-old man. (A and B) Contrast-enhanced CT scans in corti- 
comedullary phase (A) and nephrographic phase (B) show a large, 
irregular mass (arrows) in the left kidney. (C) At a more cranial level 
than A, renal vein thrombosis (/ong arrow) and regional lymph nodes 


(short arrow) are found. (D and E) The mass shows hemorrhage in the 
lower necrotic part (arrow) on Tl-weighted coronal MR image (D) 
and the irregularly enhancing, and infiltrative upper part (arrow) on 
contrast-enhanced, T1-weighted coronal MR image (E) 
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RCC with sarcomatoid dedifferentiation in a 58-year-old man show an ill-defined mass (arrow) preserving the renal contour in the right 
with lung cancer, mimicking metastasis. (A and B) Contrast-enhanced kidney. CT-guided biopsy was done from the mass to rule out metastasis, 
CT scans in corticomedullary phase (A) and nephrographic phase (B) and the pathology revealed RCC with sarcomatoid dedifferentiation 


RCC of unclassified type with sarcomatoid dedifferentiation enhancing mass (long arrows) infiltrating into the renal sinus (short 
in a 58-year-old woman. (A and B) Contrast-enhanced CT scans in cor- arrow) in the right kidney 
ticomedullary phase (A) and nephrographic phase (B) show a poorly 
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8. Hereditary Syndromes with Renal Cell Carcinoma 


3-1 RCC, bilateral adrenal pheochromocytomas, and endolymphatic cystic mass (thick arrow) with enhancing septa in the right kidney (B) 
sac tumor of the mastoid in a 34-year-old man with von Hippel-Lindau (thin arrow: lower part of the left adrenal mass). (C) An enhancing mass 
syndrome. (A and B) Contrast-enhanced CT scans in nephrographic phase (arrow) is also found in the right mastoid process on contrast-enhanced, 
show hypervascular masses in bilateral adrenal glands (arrows) (A) anda  Tl-weighted coronal MR image 
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Fig. 8.2 RCC, adrenal pheochromocytoma, endocrine carcinomas of 
the pancreas, and hemangioblastomas of the cerebellum in a 46-year-old 
man with von Hippel-Lindau syndrome. (A and B) Contrast-enhanced 
CT scans in corticomedullary phase show a hypervascular mass (/ong 
arrow in A) in the right adrenal gland, multiple hypervascular masses 


(short arrows) in the pancreas, and a multilocular cystic mass (long 
arrow in B) in the left kidney. Asterisk indicates multiple renal cysts. (C) 
A solid and cystic mass with strong enhancement (long arrow) and an 
enhancing nodule (short arrow) are found in the cerebellum on contrast- 
enhanced, Tl-weighted sagittal MR image 
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Fig. § Multiple RCCs in a 36-year-old man with von Hippel-Lindau kidney. (C) Enhancing masses (arrows) in the right kidney are demon- 
syndrome. (A and B) T2-weighted MR images show innumerous cysts strated well on contrast-enhanced, fat-suppressed, T1-weighted coronal 
(short arrows) replacing pancreas and multiple masses (long arrows) in MR image 

the right kidney. Multiple cysts (asterisk) are also noted in the right 
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9. Small Renal Cell Carcinoma 


l Small RCC of clear cell type in a 28-year-old man. (A) On US 
of the right kidney, a round echogenic mass (long arrows) is found in 
the lower pole. The mass has thin hypoechoic halo and a small intratu- 
moral cyst (short arrow). (B and C) Contrast-enhanced CT scans in 
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corticomedullary phase (B) and nephrographic phase (C) show a round 
mass (arrow) with early, strong enhancement in the right kidney. (D) 
Photograph of surgical specimen of the tumor show an intratumoral 
cyst (long arrow) and the pseudocapsule (short arrows) 
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Fig. 9.2 Small RCC of clear cell type in a 64-year-old man. (A) US of coronal MR image, the mass (long arrow) enhances well and intratu- 
the right kidney shows a small, slightly hyperechoic mass (long arrows). moral cysts are visible (short arrow). (C) Intraoperative US of the mass 
Peritumoral halo is not definitely seen but there are intratumoral cysts (long arrows) shows multiple intratumoral cysts (short arrows) clearly 
(short arrows). (B) On contrast-enhanced, fat-suppressed, T1-weighted 
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Fig. 9.3 Small RCC of clear cell type in a 42-year-old man. (A) US of months later, the mass (arrows) increases in size on US in longitudinal 
the left kidney in transverse plane from the back shows a small hyper- plane (B) and appears as a mildly enhancing mass (arrow) on contrast- 
echoic mass (arrow) in the upper pole, mimicking angiomyolipoma. enhanced CT scan (C) 

Neither peritumoral halo nor intratumoral cyst is seen. (B and C) Sixteen 
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Fig.9.4 Small RCC of unclassified type in a 49-year-old man. (A) US of 
the right kidney in longitudinal plane shows a hypoechoic mass (arrow) in 
the lower pole, mimicking a prominent renal medulla. (B and C) On con- 
trast-enhanced CT scans in corticomedullary phase (B) and nephrographic 


phase (C), the mass (long arrow) locates in the medulla and enhances 
mildly. Note a small intratumoral cyst (short arrow). (D) Photograph of 
surgical specimen of the right kidney shows homogeneous nature of the 
mass (arrows), which explains the hypoechogenicity on US 
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Fig. 9.5 Hemorrhagic small RCC of clear cell type in a 78-year-old on contrast-enhanced CT scans in corticomedullary phase (B) and 
man. (A) Nonenhanced CT scan shows a high-density mass (arrow) in  nephrographic phase (C). (D) Photograph of surgical specimen of the 
the left kidney. (B and C) The mass (arrow) enhances homogeneously left kidney shows old hemorrhage in the mass (arrow) 
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10. Cystic Renal Cell Carcinoma 


Fi 0.1 Cystic RCC in a 65-year-old man. (A) Nonenhanced CT mass (arrows) appears as a cystic mass with irregular, thick wall on US. 
scan shows a small mass (arrow) with peripheral high density in the (D) On T2-weighted coronal MR image, the wall of the cystic mass 
right kidney. (B) Contrast-enhanced CT scan shows strong enhance- (arrow) shows low signal intensity and irregularity of the inner surface 
ment in the wall of the cystic mass (arrow) in the right kidney. (C) The 
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ic Cystic RCC in a 30-year-old woman. (A) Color Doppler US contains mildly enhancing septa (short arrow) on contrast-enhanced, 
shows a multiseptated cystic mass (long arrows) with internal vascular- _fat-suppressed, T1-weighted coronal MR image (C). (D) The mass also 
ity (short arrow) in the right kidney. (B and C) The mass (long arrow) shows peripheral calcifications (arrows) on nonenhanced CT scan 
shows high signal intensity on T2-weighted coronal MR image (B) and 
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Cystic RCC of unclassified type, mimicking a hemorrhagic 
cyst in a 68-year-old woman. (A and B) Nonenhanced CT scan (A) and 
contrast-enhanced CT scan in corticomedullary phase (B) show a thin- 
walled cystic mass (long arrow) with wall calcifications in the right kid- 
ney. Because the attenuation of the content is higher than that of a simple 
cyst and the enhancement of an irregular, high-density lesion (short 
arrow) in the dependent portion of the mass is not definite, the mass 
might be diagnosed as a hemorrhagic cyst. (C) However, the enhance- 
ment in the dependent portion (arrow) becomes definite on excretory 
phase CT scan, suggestive of the solid portion of a cystic RCC 


Large, necrotic RCC of clear cell type, manifesting as a cys- 
tic mass in a 69-year-old woman. (A and B) US of the left kidney shows 
a large, unilocular cystic mass (A). Irregular wall thickening (arrows) 
with vascularity is noted on color Doppler US (B). (C) The mass 
(arrows) appears as a cystic mass with irregular, thick wall on contrast- 
enhanced CT scan 
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Fig. 10.5 Two cystic RCCs in the same kidney in a 50-year-old man. (short arrow) in the anterior part of the right kidney. (B) The wall and 
(A) T2-weighted MR image shows a multilocular cystic mass (long the septa of these cystic masses (arrows) enhance on contrast-enhanced, 
arrow) in the right kidney. Note another small septated cystic mass  fat-suppressed, T1-weighted MR image 
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11. Calcified Renal Cell Carcinoma 


Fig. 11.1 Small calcified RCC of clear cell type in a 44-year-old woman. (B) Nonenhanced CT scan shows that the mass has dense nodular calci- 
(A) Color Doppler US of the right kidney in transverse plane shows fication (arrow). (C and D) Contrast-enhanced CT scans in corticomed- 
a small echogenic mass (long arrow) with posterior shadowing (short  ullary phase demonstrate the enhancing portion (arrow) of the mass 
arrows) in the upper pole. No definite vascularity is noted in the mass. 


Illustrations 185 


Calcified RCC of unclassified type in a 60-year-old man. 
(A) Nonenhanced CT scan shows a round mass (arrow) with multiple, 
irregular calcifications in the midpole of the right kidney. (B and C) 
Contrast-enhanced CT scans in corticomedullary phase (B) and nephro- 
graphic phase (C) show mildly enhancing portion (arrow) in the poste- 
rior part of the mass 


Calcified RCC of chromophobe type in a 34-year-old man. 
(A) Nonenhanced CT scan shows a mass (arrow) with calcifications in 
the lower pole of the left kidney. (B and C) Contrast-enhanced CT scans 
in corticomedullary phase (B) and nephrographic phase (C) show a 
bilobed mass (long arrow) with central calcifications (short arrow) in 
the left kidney. Because no definitely enhancing portion is found, the 
mass was considered as a complicated cyst. Pathology revealed a 
necrotic tumor with calcifications 


Fig. 11.4 Calcified RCC in a 70-year-old man. (A) Nonenhanced CT 
scan shows an irregular mass (arrows) with multiple calcifications in 
the left kidney. (B and C) The mass (long arrow) appears as an irregular 
cystic mass with a round, well-enhancing solid nodule (short arrow) on 
contrast-enhanced CT scans in corticomedullary phase (B) and nephro- 
graphic phase (C). Note calcifications are located in the cystic portion 
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Fig. 11.5 Calcified RCC in a 64-year-old man. (A) Nonenhanced CT 
scan shows a round mass (arrow) with peripheral calcifications in the 
left kidney. (B) No definitely enhancing portion is found in the mass 
(arrow) on contrast-enhanced CT scan in nephrographic phase, sug- 
gesting a cystic mass with calcified wall. Pathology revealed a cystic 
RCC with calcified wall 
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12. Multiple Renal Cell Carcinoma 


Bilateral multiple RCCs of chromophobe type in a right kidney. (C and D) Contrast-enhanced CT scans in nephro- 
69-year-old man. (A and B) Contrast-enhanced CT scans in corti- graphic phase show early washout of enhancement in renal tumors 
comedullary phase show multiple small masses with strong enhance- (arrows) compared with renal parenchyma 
ment in bilateral kidneys (arrows). Asterisk indicates a cyst in the 
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Fig. 12.2 Two RCCs of clear cell type in the same kidney in a 65-year-old (B) Contrast-enhanced, coronal reformatted CT image in excretory phase 
man. (A) Contrast-enhanced, coronal reformatted CT image in corticome- shows early washout of enhancement in tumors (arrows) compared with 
dullary phase shows two hypervascular masses (arrows) in the left kidney. renal parenchyma 
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Bilateral RCCs (clear cell type in the left kidney and papillary 
type in the right kidney) in a 44-year-old man. (A and B) Contrast- 
enhanced CT scans in corticomedullary phase (A) and excretory phase 
(B) show a round mass (arrow) with strong enhancement and early wash- 
out in the left kidney, which is typical for RCC of clear cell type. (C and 
D), Contrast-enhanced CT scans in corticomedullary phase (C) and in 


excretory phase (D) show a small round mass (arrow) with poor enhance- 
ment in the right kidney, mimicking a cyst. (E and F) On US, the left 
renal mass (long arrows) is echogenic with small intratumoral cysts 
(short arrows) (E), and the right renal mass (arrow) appears as an 
ill-defined echogenic nodule (F) 
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(continued) 


Fig. 1 Multiple RCCs in the right kidney in a 50-year-old woman who underwent left radical nephrectomy for RCC. (A and B) Contrast-enhanced 
CT scans in corticomedullary phase (A) and nephrographic phase (B) show multiple, small enhancing masses in the right kidney (arrows) 
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13. Renal Cell Carcinoma: Unusual Appearances 


Fig. 13.1 RCC with pelvocalyceal compression mimicking a renal the mass appears to be in the renal pelvis on axial image (A). (C) 
pelvis tumor in a 52-year-old woman. (A and B) Contrast-enhanced CT Coronal reformatted CT urography image taken 8 min after the injec- 
scans show an irregularly enhancing mass (arrow) in the renal sinus, tion of contrast material shows that the renal pelvis (short arrows) is 
causing hydronephrosis (asterisk) in the right kidney. The upper part of displaced by the mass (long arrows) without marginal irregularity 
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Infiltrative RCC mimicking a transitional cell carcinoma in in the right kidney. Note marginal irregularity of the renal pelvis (short 
a a 64- -year-old woman. (A and B) Contrast-enhanced CT scans in excre- arrows in B) and preserved contour of renal parenchyma 
tory phase show an ill-defined and poorly enhancing mass (long arrows) 


RCC of clear cell type mimicking oncocytoma in a 52-year-old shape in the mass, which is a characteristic finding of oncocytoma. 
woman. (A and B) Contrast-enhanced CT scans in corticomedullary phase (C and D) The mass (arrows) also shows this stellate appearance (aster- 
(A) and excretory phase (B) show a large hypervascular mass (arrows)in isk) on US (C) and cartwheel-like flow signal on color Doppler US (D) 
the right kidney. Asterisk indicates a central low-density portion of stellate 
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Fig. 13.4 Cystic RCC with multiple renal cysts, mimicking autosomal bilateral kidneys. Mildly septated cyst (arrows in B) is noted in the left 
dominant polycystic kidney disease in a 59-year-old man. (A and B) kidney, but there is no enhancing solid portion in renal cysts. However, 
Contrast-enhanced CT scans show multiple cysts of variable size in pathology revealed RCC in the largest cyst (asterisk) of the left kidney 
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14. Renal Cell Carcinoma in end-Stage Renal Disease 


RCC of clear cell type in a 29-year-old woman with end- 
stage renal disease. (A) Contrast-enhanced CT scan in corticomedullary 
phase shows a round hypervascular mass (long arrow) in the left kid- 
ney. Kidneys are atrophic with decreased enhancement. Multiple small 
renal cysts (short arrows) and large amount of ascites (asterisks) are 
also noted. (B) On color Doppler US, the mass (short arrows) is hyper- 
vascular despite decreased flow signal in the left kidney (long arrows) 


14.2 RCC of papillary type in a 32-year-old woman with end- 
stage renal disease. (A and B) Contrast-enhanced CT scans in corti- 
comedullary phase (A) and nephrographic phase (B) show a poorly 
enhancing mass (arrow) in the right kidney. Note atrophic kidneys with 
multiple small cysts 
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Fig. 14.3 RCC of unclassified type in a 59-year-old man with acquired 
cystic disease of end-stage kidneys. (A) Contrast-enhanced CT scan in 
corticomedullary phase shows a well-enhancing mass (long arrow) in 
the right kidney. Multiple cysts are found in both kidneys, almost 
replacing renal parenchyma. Two calcifications (short arrows) in the 
left kidney are also noted. (B) On contrast-enhanced CT scan in neph- 
rographic phase, the mass (arrow) is indistinguishable from enhancing 
renal parenchyma 
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Fig. 14.4 Spontaneous hemorrhage from RCC of clear cell type in a 
64-year-old man in end-stage renal disease. (A) Nonenhanced CT scan 
shows high-density hematoma (arrows) posterior to the right kidney. 
(B) Contrast-enhanced CT scan in corticomedullary phase (B) shows a 
small enhancing mass (long arrow) in the right kidney, in contrast to 
poorly enhancing renal parenchyma. Large amount of ascites (asterisk) 
and multiple small hepatic cysts (short arrow) are also present 
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Fig. 14.5 RCC of unclassified type arising in the native kidney of a extending into retrocaval space, encasing the aorta (black arrow), and 
24-year-old woman with renal transplantation. (A-D) Contrast- causing hydronephrosis (asterisks). The mass also invades liver (short 
enhanced CT scans (A, B) and coronal reformatted images (C, D) arrows in D). Note atrophic left kidney (arrowheads in D) and the 
show an ill-defined mass (long white arrows) in the right kidney, transplanted kidney (short arrows in C) in the upper pelvic cavity 
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15. Renal Cell Carcinoma: Doppler and Contrast-Enhanced US 


Value of Doppler US in RCC in an 82-year-old man with vascular flow, but the spectrum obtained in the other part of the right 
diabetes. (A) US of the right kidney in transverse plane shows around, kidney (C) shows highly resistant pattern, which suggests diabetes 
hypoechoic mass (arrows) in the upper pole. (B and C) Spectral nephropathy. (D) Contrast-enhanced CT scan shows a hypervascular 
Doppler US performed in the mass (B) shows low resistant pattern of mass (arrow) in the right kidney 
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ea i bial 


1 =0.184m/s 
2 = 0.029m/s 
RI = 0.84 

D = 6.29 


Value of Doppler US in RCC in a 64-year-old man with but the spectrum obtained in the other part of the right kidney (C) 
end-stage renal disease. (A) US shows small-sized right kidney (long shows highly resistant pattern due to end-stage renal disease. (D) 
arrows) with atrophic renal parenchyma, and a focal, isoechoic bulg- Contrast-enhanced, fat-suppressed, T1-weighted coronal MR image 
ing (short arrows) in the upper pole. (B and C) Spectral Doppler US shows a hypervascular mass (arrow) in the atrophic right kidney 
performed in the mass (B) shows low resistant pattern of vascular flow, 
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l Contrast-enhanced harmonic US in small RCC in a 64-year- harmonic US images show strong enhancement of the mass (arrows) in 
old man. (A) US of the left kidney in transverse plane from the back early phase (C) and higher enhancement than the renal parenchyma in 
shows a suspicious isoechoic mass (arrows) in the lower pole. (B) Vessels delayed phase (D). (E) Contrast-enhance CT scan in corticomedullary 
are swept around the mass on power Doppler US (arrow), but internal phase shows a hypervascular mass (arrow) in the left kidney 

vascularity is not definitely demonstrated. (C and D) Contrast-enhanced 


+ Contrast-enhanced harmonic US in large RCC in a 55-year-old 


woman. (A) US shows a large, low echoic mass with cystic portions 
(arrows) in the left kidney. (B and C) The mass (arrows) shows sparse 
vascularity on color Doppler US (B). The flow signal increases on power 
Doppler US (C), but still in small amount. (D and E) Contrast-enhanced 
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harmonic US in early (D) and delayed (E) phases show the mass with 
enhancing solid components (arrows) in contrast to nonenhancing cystic 
portions (asterisk) clearly. (F) Contrast-enhanced CT scan in corticomed- 
ullary phase shows a large mass (arrows) with peripheral enhancement in 
the left kidney 
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Fig. 15.5 Contrast-enhanced harmonic US in cystic RCC in a 42-year-old US. (C) Contrast-enhanced harmonic US shows enhancing septa (short 
man. (A) US of the left kidney shows a round cystic mass (long arrows) arrows) and the nodule (long arrow) clearly. (D and E) Contrast-enhanced 
that contains an echogenic solid nodule (short black arrow) and multiple, | CT scans in excretory phase show an enhancing nodule (long arrow) and 
incomplete septa (short white arrows). (B) There is flow signal in the nod- septa (short arrows) in the cystic mass of the left kidney 

ule (long arrow) and the septa (short arrows) of the mass on power Doppler 
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16. Staging of Renal Cell Carcinoma: Schema 


Perinephric 
spread 


Fig. 16.1 Stage II or T3a. Perinephric fat or adrenal gland invasion 
(Modified from Sheth 2001) 


4 Malignant Renal Parenchymal Tumors 


Illustrations 203 
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renal vein 


c IVC spread 
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intrahepatic 
IVC 


Fig. 16.2 Stage IIIA. Venous tumor thrombus. (A-C) T3b. (A) In renal vein. (B) In inferior vena cava. (C) Extension below diaphragm. (D) T3c. 
Extension above diaphragm (Modified from Sheth 2001) 
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Lymph node 
metastases 


Fig. 16.3 Stage IIIB or N1/2. Regional lymph node metastasis 
(Modified from Sheth 2001) 


4 Malignant Renal Parenchymal Tumors 


Illustrations 


205 


17. Staging of Renal Cell Carcinoma: Perinephric Invasion 


Fig. 17.1 RCC with intact pseudocapsule in a 65-year-old woman. 
(A) Contrast-enhanced CT scan shows a lobulated hypervascular mass 
in the right kidney lower pole (arrow). (B) On T2-weighted MR image, 
the mass is surrounded by dark-signal rim (arrows), which suggests the 
intact pseudocapsule of RCC without perinephric invasion. (C) The 


pseudocapsule (arrows) is also visible on Tl-weighted MR image but 
less prominently than on T2-weighted MR image. (D) Photograph of 
surgical specimen of the right kidney shows the mass is completely sur- 
rounded by the pseudocapsule (arrows) 
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Fig. 17.2 RCC with capsular invasion without penetration in a (C) reformatted CT images, fine infiltrations (arrows) are noted around 
48-year-old man. (A) Contrast-enhanced CT scan in corticomedullary the tumor. (D) On T2-weighted coronal MR image, the mass is sur- 
phase shows a large mass (arrows) with peripheral hypervascularity in rounded by thin, dark-signal rim (arrows) 

the left kidney lower pole. (B and C) On coronal (B) and sagittal 
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Fig. 17.3 RCC with perinephric invasion and renal vein thrombosis in 
a 68-year-old man. (A) Contrast-enhanced CT scan shows an irregu- 
larly enhancing mass (long arrows) in the left kidney. Note thrombus 
(short arrow) in the left renal vein. (B) Coronal reformatted CT image 
shows a focal, nodular bulging (long arrow) of the mass with thicken- 
ing of perirenal fascia (short arrow), suggesting perinephric invasion 
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18. Staging of Renal Cell Carcinoma: Venous Invasion 


Fig. 18.2 RCC with renal vein thrombosis in a 67-year-old woman. 
(A) Contrast-enhanced CT scan shows a large, infiltrative mass (long 
arrows) replacing the left kidney. Left renal vein is distended and 
filled with tumor thrombus (short arrows). The thrombus crosses the 
abdominal aorta (asterisk) and almost reached at the inferior vena 
cava (asterisks). (B) Spectral Doppler US in the left kidney shows 
highly resistive pattern without diastolic flow, which is typical in 
severe renal vein thrombosis 


Fig. 18.1 RCC with renal vein thrombosis in a 41-year-old woman. 
(A) Contrast-enhanced CT scan in corticomedullary phase shows a 
large, heterogeneous mass (arrows) in the left kidney. (B) At more cra- 
nial level than A, tumor thrombus (arrows) in the left renal vein is noted. 
The thrombus does not cross the abdominal aorta (asterisks) 
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Fig. 18.3 RCC with renal vein thrombosis in a 42-year-old man. (A) 
Contrast-enhanced, coronal reformatted CT image shows a huge, hetero- 
geneous mass (/ong arrows) in the right kidney. Note extensive thrombo- 
sis in the right renal vein (asterisks) and the inferior vena cava (short 


arrows). (B and C) The cranial end (arrow) of the tumor thrombosis in 
the intrahepatic inferior vena cava is clearly visible both on contrast- 
enhanced, coronal reformatted CT image (B) and on T2-weighted coro- 
nal MR image (C) 
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Fig. 18.4 RCC with renal vein thrombosis in a 58-year-old man. 
(A and B) Contrast-enhanced, coronal reformatted CT images show a 
large, hypervascular mass (long arrows) in the left kidney. Linear 
enhancing tumor vessels (short arrows) are visible well in the thrombus 
of the left renal vein and the inferior vena cava. (C) Selective left renal 


arteriogram in nephrographic phase show a large hypervascular tumor 
(long arrows) in the lower part of the left kidney and linear tumor ves- 
sels (short arrows) in the left renal vein producing so-called “thread and 
streak” sign 
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Fig. 18.5 RCC with renal vein thrombosis in a 58-year-old man. in the right renal vein (A) and inferior vena cava (B). (C) At more cra- 
(A and B) Contrast-enhanced CT scans shows a large, hypervascular nial level, multiple, tortuous collateral veins (arrows) are developed 
mass (long arrows) with central necrotic or cystic portion (asterisk) in due to the obstruction of the inferior vena cava by the thrombus 

the right kidney. Note well-enhancing tumor thrombus (short arrows) 
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RCC with renal vein thrombosis causing pelvic congestion Note the enlarged left ovarian vein (asterisks in C) and adjacent tortuous 
syndrome in a 66-year-old woman. (A-C) On contrast-enhanced, coro- veins (arrows in B). (D) Contrast-enhanced CT scan of the pelvic cavity 
nal reformatted CT images, a large, hypervascular mass (arrows in A) in shows prominent veins (double asterisk) in the left parauterine region. 
the left kidney is accompanied by renal vein thrombus (asterisk in B). U uterus 
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19. Staging of Renal Cell Carcinoma: Lymph Node Metastasis 


RCC of clear cell type in a 68-year-old man. (A) Contrast- arrows) are found in the left kidney. (B) At a more caudal level than A, 
enhanced CT scan in corticomedullary phase shows an irregular, hyper- multiple, well-enhancing regional lymph nodes (arrows) are found 
vascular mass (long arrows) in the right kidney. Multiple cysts (short 


2 RCC of papillary type in a 45-year-old man. (A) Contrast- enlarged lymph nodes (arrows) are found around the inferior vena cava 
enhanced CT scan in nephrographic phase shows a large, irregular mass (black asterisk) and show the attenuation similar to that of enhancing 
(arrows) in the right kidney. (B) At more cranial level than A, multiple solid portions (white asterisk) of the tumor 
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20. Staging of Renal Cell Carcinoma: Direct Invasion of Surrounding Organs 


Fig. 20.1 RCC with direct invasion into the liver in a 68-year-old 
woman. (A) Contrast-enhanced CT scan shows a large hypervascular 
mass (arrows) in the right kidney. Left hydronephrosis (asterisk) is 
present. (B) At more cranial level than A, the mass (arrows) extends up 


to the right lobe of liver. (C and D) On US, the demarcation (arrows) 
between the mass (asterisk) and the right inferior liver (double aster- 
isks) is not clear (C) and the vascularity is increased at the interface 
(arrows) on color Doppler US (D), suggesting direct invasion 
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Fig. 20.2 RCC with direct invasion into the spleen in a 65-year-old 
man. (A) Contrast-enhanced, coronal reformatted CT image shows a 
large irregular mass (arrows) replacing the left kidney. The tumor shows 
indistinct margin (short arrow) with the overlying spleen (asterisk), 
suggesting invasion. (B) On color Doppler US, the vascularity is 
increased at the interface (arrows) between the spleen (asterisk) and the 
tumor (double asterisks) 
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Fig. 20.3 RCC with direct invasion into the duodenum in a 78-year-old 
man. (A) Contrast-enhanced CT scan shows a large, irregular mass 
(arrows) in the right kidney invades the second portion of the duode- 
num (asterisk). (B) On endoscopy, the mass (asterisk) protrudes into 
the duodenal lumen directly 
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Fig. 20.4 Recurrent multiple RCCs with direct invasion into the 
abdominal wall in a 36-year-old man with von Hippel-Lindau syn- 
drome. (A) Contrast-enhanced CT scan shows multiple hypervascular 
masses (arrows) in bilateral kidneys. (B) At more caudal level than A, a 
mass (arrow) in the left kidney invades directly into the adjacent 


abdominal wall 


Fig. 20.5 RCC with direct invasion into the descending colon in a 
49-year-old man. (A) Contrast-enhanced CT scan show a large mass 
(long arrows) in the right kidney with nodular extension (short arrows) 
outside the perirenal space. (B) These nodular extensions form multiple 
masses (long arrows) around the descending colon (asterisk), one of 
which is adherent to the muscle layer (short arrow) 
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21. Staging of Renal Cell Carcinoma: Distant Metastasis 


Fig. 21.1 RCC with metastasis to the liver in a 65-year-old woman. cranial level than A, a large, hypervascular mass (arrows) in the liver 
(A) Contrast-enhanced CT scan shows a hypervascular mass (arrows) shows similar appearance to the renal mass, suggesting metastasis 
with central necrotic portion (asterisk) in the right kidney. (B) At more 
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21.2 RCC with multiple metastases in the vertebra in a 64-year-old man. (A and B) Contrast-enhanced, coronal reformatted CT images show 
a large mass (long arrows) in the left kidney and multiple bony metastases (short arrows) in the lumbar vertebral bodies 
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Fig. 21.3 RCC with abdominal wall metastasis with calcifications ina (B). Nonenhanced CT scan (C) shows a mass (long arrows) with small 
62-year-old man. Nonenhanced CT scan (A) shows a mass (long arrows) calcifications (short arrow) in the right abdominal wall. The mass 
with small calcification (short arrow) in the left kidney. The mass is (arrows) enhances strongly on contrast-enhanced CT scan in corticome- 
hypervascular on contrast-enhanced CT scan in corticomedullary phase  dullary phase (D) 
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c RCC with metastasis to the brain in a 59-year-old woman. (C) On contrast-enhanced, T1-weighted sagittal MR image, a hyper- 
T2-weighted (A) and contrast-enhanced, fat-suppressed, T1-weighted vascular mass (arrow) is found in the frontal convexity of the brain 
(B) coronal MR images show a tumor (arrows) in the left kidney. 
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Recurrent RCC in the back muscle in a 70-year-old man (B) The mass (arrow) increases in size with central necrosis on con- 
who underwent radical nephrectomy 4 years ago. (A) Contrast-enhanced  trast-enhanced CT scan taken 20 months later 
CT scan shows a small enhancing mass (arrow) in the left back muscle. 


Small RCC with multiple metastases in bone, lung, and chest (short arrows) in the vertebra and the left iliac bone. (D and E) Contrast- 
wall in a 60-year-old man. (A-C) Contrast-enhanced CT scans show a enhanced chest CT scans show a metastatic mass (long arrow) in the left 
small mass (long arrow) in the right kidney, and multiple bony metastases anterior chest wall and a nodule (short arrow) in the right lung 
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Fig. 21.6 (continued) 
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Fig. 21.7 Metastatic RCC in the pancreas in a 67-year-old man. (A) 
Contrast-enhanced CT scan in corticomedullary phase shows a large, 
irregular mass (arrows) in the left kidney with strong enhancement. 
(B) At more cranial level than A, multiple masses (arrows) with strong 
enhancement are found in the pancreas 
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Fig. 21.8 RCC with metastases to bilateral adrenal glands in a 55-year-old taken 3 months after the embolization of the right renal tumor and bilateral 
man. (A and B) Contrast-enhanced CT scans show a right renal mass adrenal masses, adrenal masses disappear and the right renal mass (arrows) 
(arrows in A) and bilateral adrenal masses (arrows in B). Asterisk indicates is shrunken and becomes necrotic 

enlarged retrocaval lymph node. (C and D) On contrast-enhanced CT scans 
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22. Renal Cell Carcinoma: Preoperative Evaluation of Vascular Anatomy 


Fig. 22.1 RCC in a 36-year-old man. (A) Contrast-enhanced CT scan  well-demonstrated on volume rendering image (B) and maximum 
in corticomedullary phase shows a small hypervascular mass (arrow) in intensity projection (MIP) image (C) of CT angiography 
the right kidney. (B and C) Multiple right renal arteries (arrows) are 
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. 22.2 RCC in a 64-year-old man. (A) Coronal reformatted CT another right renal artery anterior to the inferior vena cava (asterisk) is 
image in corticomedullary phase shows a hypervascular mass (arrows) noted. (D) These two circumcaval renal arteries (arrows) are clearly 
in the right kidney lower pole. (B) At more anterior plane than A, aright visible on sagittal reformatted CT image. Asterisk indicates inferior 
renal artery (arrow) is visible. (C) At more anterior plane than B, vena cava 


Fig. 22.3 RCC in a 39-year-old man. (A) Contrast-enhanced CT scan caudal level than A, late confluence (arrow) of the two left renal veins 
in corticomedullary phase shows a hypervascular mass (long arrow) in near abdominal aorta (asterisk) is noted, which is important informa- 
the left kidney. Note two left renal veins (short arrows). (B) At more tion for surgeons 
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23. Renal Cell Carcinoma: Changes and Recurrence After Treatment 


Fig. 23.2 Postoperative CT in a 42-year-old woman with gallbladder 
in the renal fossa. On contrast-enhanced CT scan taken 9 years after 
radical nephrectomy due to RCC, gallbladder (arrow) moved posteri- 
orly and may be misinterpreted as a cystic mass or fluid collection 


Fig. 23.3 Postoperative CT in a 56-year-old man with duodenum and 


ascending colon in the renal fossa. On contrast-enhanced CT scan taken 
3 years after radical nephrectomy due to RCC, the second portion of the 
duodenum (/ong arrow) and the distal ascending colon (short arrow) 
near hepatic flexure occupy the right renal fossa 


Fig. 23.1 Increased amount of retroperitoneal fat after nephrectomy in 
a 45- -year-old man with RCC. (A) Contrast-enhanced CT scan shows a 
left renal tumor (arrows). (B and C) After left nephrectomy, pancreas 
(arrows in B) moved posteriorly and the retroperitoneal fat (arrows in 
C) markedly increased in amount and fills the left renal fossa 


Illustrations 
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Fig. 23.4 The changes after partial nephrectomy in a 74-year-old man 
with a small RCC. (A) Contrast-enhanced CT scan shows a small tumor 
(arrow) in the right kidney. (B) Follow-up CT scan taken 1 year later 
shows focal parenchymal loss (arrow) in the surgical defect without 
evidence of recurred tumor 


ig. 23.5 Pseudoaneurysm and collecting system injury after partial 
nephrectomy in a 70-year-old woman with RCC. (A) On contrast- 
enhanced CT scan in corticomedullary phase, which was obtained 
18 days after the left partial nephrectomy due to RCC, a high-density 
ovoid lesion (arrow) is found in the surgical defect, suggesting pseudo- 
aneurysm. Asterisk indicates fluid collection around the surgical defect. 
(B) On contrast-enhanced CT scan in excretory phase, leak of contrast 
material (asterisk) from a calyx in the left kidney is noted 


Fig.23.6 Postembolization changes in a 68-year-old man with a small 
RCC. (A) Contrast-enhanced CT scan shows a small hypervascular 
tumor (arrow) in the left kidney. (B) Left renal angiogram shows a 
round tumor staining (arrow) in the lower pole of the left kidney. 
Because this patient had liver cirrhosis and hepatocellular carcinoma, 
embolization was done instead of surgery using ethanol and iodized oil. 
(C) Follow-up CT scan taken 16 days later shows compact uptake of 
iodized oil (long arrow) in the tumor. Also note retention of iodized oil 
in the adjacent renal parenchyma (short arrow) 
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i "Local recurrence of RCC of clear cell type in a 59-year-old 
man. (A) Contrast-enhanced CT scan in corticomedullary phase shows 
a large mass (arrows) in the right kidney. The mass has large central 
cystic component with irregular enhancing portions in the periphery. 
(B) Follow-up CT scan obtained 16 months after radical nephrectomy 
shows a locally recurrent tumor (arrow) with peripheral enhancing rim 
adjacent to the psoas muscle 
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Fig. 23.8 Recurrent RCC in the opposite adrenal gland in a 67-year-old 
man who underwent radical nephrectomy for RCC. (A and B) Contrast- 
enhanced CT scans show two round hypervascular masses (arrows) in 
the left adrenal gland (A). Also note a nodular recurrent mass in the right 
renal fossa (arrow in B) 


J. 23.9 Recurrent RCC invading liver in a 66-year-old man who 
underwent radical nephrectomy for RCC of clear cell type with sarcoma- 
toid dedifferentiation 4 months ago. T2-weighted axial (A) and contrast- 
enhanced, T1-weighted coronal (B) MR images show a large, irregular 
mass (arrows in A) invading the right lobe of liver (arrows in B) 


230 4 Malignant Renal Parenchymal Tumors 


24. Renal Lymphoma 


Fig. 24.1 Renal involvement of lymphoma: Schema of patterns. parenchymal mass (10-25%). (D) Gross enlargement of kidney due to 
(A) Multiple parenchymal masses (50-60%). (B) Direct invasion diffuse infiltration. (E) Perirenal mass (Modified from Urban 2000) 
of retroperitoneal mass into the renal sinus (25-30%). (C) Solitary 
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Fig. 24.1 (continued) 


Fig. 24.2 Renal lymphoma in a 14-year-old man. Multiple, small, 
low-density nodules (arrows) are found in both kidneys on contrast- 
enhanced CT scan, mimicking renal cysts. He also has bowel involve- 
ment of lymphoma (not shown) 
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Fig. 24.3 Renal lymphoma in a 6-year-old boy. (A) Multiple, homoge- The masses (arrows) are homogenously hypoechoic on US (B) and 
nous, low-density lesions (arrows) are found in medullary regions of show sparse vascularity on color Doppler US (C) 
both kidneys on contrast-enhanced CT scan, mimicking hydronephrosis. 


Illustrations 
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Fig. 24.4 Renal lymphoma in a in a 68-year-old man. (A) Contrast- 
enhanced CT scan shows a large, homogenous retroperitoneal mass 
(long arrows) invading into the left renal sinus (asterisk) and perirenal 
space. Note left renal artery (short arrows) is encased in the mass but 


the flow is maintained. (B) At more caudal level than A, multiple, 
homogenous, enlarged lymph nodes (asterisks) are found in the paraaor- 
tic region. (C and D) On US, the renal sinus mass (M) and enlarged 
paraaortic lymph nodes (N) show low echogenicity 
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» Diffuse parenchymal involvement of renal lymphoma in a 
16-year-old woman. Bilateral kidneys (arrows) are diffusely enlarged 
and show inhomogeneous and decreased enhancement on contrast- 
enhanced CT scan 


Renal lymphoma presenting with solitary renal mass in an 
88-year-old man. An exophytic mass (arrow) in the right kidney shows 
slightly high density on nonenhanced CT scan (A) and mild, homoge- 
neous enhancement on contrast-enhanced CT scans (B, corticomedul- 
lary phase; C, nephrographic phase) 


Illustrations 


24.7 Renal lymphoma in a 60-year-old woman. Contrast- 
enhanced CT scans in corticomedullary phase (A) and in nephrographic 
phase (B) show a poorly enhancing, homogeneous mass in the right 
perirenal space. Lateral part of the right kidney (asterisk) also enhances 
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poorly. (C and D) The perirenal mass (arrows) and the poorly enhanc- 
ing part of the right kidney (asterisk) show low signal intensity on 
T2-weighted coronal MR image (C) and enhances poorly on contrast- 
enhanced, fat-suppressed, T1-weighted coronal MR image (D) 
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Fig. 24.8 Renal lymphoma presented with predominant renal sinus 
masses in a 64-year-old man. Contrast-enhanced CT scan shows ill- 
defined, irregular, enhancing masses (arrows) in both renal sinuses 


4 Malignant Renal Parenchymal Tumors 


Illustrations 237 


25. Neuroendocrine Tumors 


Fig. 25.1 Renal primitive neuroectodermal tumor in a 31-year-old (long arrows) in the left kidney. The mass contains large amount of 
woman. (A and B) Contrast-enhanced CT scans in corticomedullary cystic portions (asterisks) and septations (short arrows) 
phase (A) and nephrographic phase (B) show a large, irregular mass 
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Fig. 25.2 Renal primitive neuroectodermal tumor in a 30-year-old (B) The mass (arrows) contains large amount of hemorrhage (asterisk) 
man. (A) T2-weighted coronal MR image shows a large, lobulated on Tl-weighted axial MR image. (C) The mass (arrow) enhances 
mass (arrows) with heterogeneous signal intensity in the left kidney. poorly on contrast-enhanced, T1-weighted axial MR image 
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F Renal carcinoid in a 54-year-old woman. (A) US of the left intermediate signal intensity both on T1 —(C)andT2—(D) weightedcoronal 
kidney shows a homogeneous mass (arrows) with slightly high echo com- MR images, and enhances poorly on contrast-enhanced, fat-suppressed, 
pared with renal parenchyma. (B) The mass shows sparse vascularity on Tl-weighted coronal image (E) 

color Doppler US. (C-E) The mass (arrow) shows homogeneous, 
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(continued) 


c + Malignant paraganglioma of the kidney in a 54-year-old man. 
Contrast-enhanced CT scan shows a lobulated cystic mass (arrow) with 
thick wall and septa in the left kidney (A). A large mass (arrows in B) 
destructing left pelvic bone is also found, suggesting metastasis 
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26. Renal Sarcomas and Other Malignant Renal Tumors 


Fig. 26.1 Renal leiomyosarcoma arising from renal capsule in a left kidney. (B and C) Contrast-enhanced CT scans show that the mass 
43-year-old woman. (A) Nonenhanced CT scan shows an ovoid mass (arrows) enhances heterogeneously in corticomedullary phase (B) and 
(arrows) with slightly higher attenuation than renal parenchyma in the homogenously in excretory phase (C) 
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Fig. 26.2 Malignant fibrous histiocytoma of the kidney in a 31-year- the renal collecting system and contrast material leaks (arrows) to form 
old man. (A) Contrast-enhanced CT scan shows an ill-defined, mildly a large fluid collection (asterisk). (C) The mass (arrow) shows homoge- 
enhancing mass (arrows) in the left kidney, extending into the perirenal neously low signal intensity on T2-weighted MR image. Note the fluid 
space (asterisk). (B) At a more cranial level than A, the mass invades collection (asterisk) connected to the left renal pelvis 
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Fig. 26.3 Squamous cell carcinoma of the kidney and the bladderina preserved. Enlarged necrotic lymph nodes (asterisk) are also found in 
65-year-old man. Contrast-enhanced CT scan (A) and coronal refor-  retrocaval region, suggesting metastatic lymph nodes. (C) A large, 
matted image (B) show a large, irregular mass (arrows) replacing the irregular mass is also found posterior to the bladder 

majority of the right renal parenchyma. Note the renal contour is 
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27. Nephroblastoma in Adults 
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Fig. 27.1 Nephroblastoma in a 19-year-old man. (A) Nonenhanced 
CT scan shows an ill-defined mass (long arrows) invading into the renal 
pelvis (short arrow) in the right kidney. The renal pelvis (asterisk) 
shows high density due to hemorrhage. (B) The mass (long arrows) 
enhances poorly on contrast-enhanced CT scan in corticomedullary 


phase. Small arrow indicates the invasion into the renal pelvis. (C) The 
demarcation of the mass (arrows) becomes clear on contrast-enhanced 
CT scan taken 8 min after the injection of contrast material. (D) The 
mass (arrows) is heterogeneously hypoechoic on US 
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Fig. 27.2 Nephroblastoma in a 58-year-old woman. (A) Nonenhanced 
CT scan shows a large mass (long arrows) in the right kidney. The mass 
contains irregular high density portions (short arrows) suggesting hemor- 
rhage. (B) The mass (arrows) is necrotic on contrast-enhanced CT scan 


Fig.27.3 Nephroblastoma in a 28-year-old man. (A-C) Contrast-enhanced 
CT scans show an infiltrative mass (arrows) in the left kidney involving the 
renal pelvis (asterisk) and renal parenchyma. The mass shows focal exo- 
phytic growth (short arrows) with invasion of the perinephric space and 
diaphragmatic crus (Courtesy of Seung Eun Jung, MD) 
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28. Metastatic Tumors of the Kidney 


Fig. : Renal metastases from lung cancer in a 66-year-old man. 
(A and B) Contrast-enhanced CT scans show bilateral renal masses 
(arrows). Note the masses are ill-defined and are located within the 
renal contour 


2 Solitary renal metastasis from lung cancer in a 49-year-old 
man. (A and B) Contrast-enhanced CT scans shows an ill-defined mass 
(long arrows) in the left kidney. The mass is infiltrative into the renal 
sinus (short arrow in B), but the renal contour is preserved. Asterisk 
indicates an enlarged paraaortic lymph node. (C) On US, the mass 
(arrows) is expansile but preserves the renal contour 
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Fig. 28.3 Renal and adrenal metastasis from lung cancerina57-year- | 
old man. (A and B) Contrast-enhanced CT scans show bilateral renal F!9- 48. 


c Renal and perirenal metastasis from colon carcinoma caus- 
ing hydronephrosis in a 47-year-old man. (A) Contrast-enhanced CT 
scan shows an irregular mass (long arrows) involving the right kidney 
and the perirenal space. Note an enlarged precaval lymph node (short 
arrow). (B) At more cranial level than A, right hydronephrosis (arrow) 
is present 


masses (long white arrows) and left adrenal mass (short arrow). The 
right renal mass is mildly exophytic despite of relatively small size. 
Also note a metastatic lesion in the liver (long black arrow) 
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ig. 28.6 Renal metastasis from breast carcinoma with extension into 

the psoas muscle in a 54-year-old woman. Contrast-enhanced CT scan 
shows an ill-defined mass (long arrows) in the left kidney. The mass 
involves both the left kidney and the left psoas muscle (short arrow) 


Fig. 28.5 Spontaneous perirenal hematoma due to metastatic chorio- 
carcinoma of the uterus in a 33-year-old woman. (A) Nonenhanced CT 
scan shows high-density hematoma (arrow) posterior to the left kidney. 
(B) Contrast-enhanced CT scan in corticomedullary phase shows a 
wedge-shaped, low-density mass (long arrow) in the left kidney with 
perirenal hematoma (short arrow). (C) Contrast-enhanced CT scan in 
nephrographic phase shows small amount of extravasation (arrow) of 
contrast material in the mass, suggesting active bleeding 


Illustrations 
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F 7 Renal metastasis from thyroid carcinoma in a 67-year-old 
woman. A and B) Nonenhanced CT scans show multiple high-density 
masses (arrows) in the left kidney. (C and D) The masses (arrow) show 
early, strong enhancement on contrast-enhanced CT scan in corticomedul- 
lary phase (C) and early washout in nephrographic phase (D). (E and F) 


The masses (arrow) show low signal intensity compared with renal paren- 
chyma on T2-weighted coronal MR image (E) and intermediate signal 
intensity on Tl-weighted axial MR image (F). (G) The mass (arrow) 
shows uniform hyperechogenicity on US, mimicking angiomyolipoma 
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7 (continued) 


Fig. 28.8 Renal metastasis with calcifications in a 32-year-old man with osteogenic sarcoma. (A) Nonenhanced CT scan shows a round, calcified 
mass (arrow) in the right kidney. (B) The mass (long arrow) shows high echogenicity with posterior shadowing (short arrows) on US 
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Fig. 28.9 Renal and adrenal metastases from rectal carcinoma in a 
44-year-old woman. (A and B) Contrast-enhanced CT scans show bilat- 
eral renal masses (/ong arrows) and the left adrenal mass (short arrow). 


The masses are cystic or necrotic 


Renal metastases from hepatocellular carcinoma with 
thrombosis of the renal vein in a 59-year-old woman. (A) Contrast- 
enhanced CT scan shows an ill-defined mass (arrows) in the liver. (B) 
Contrast-enhanced CT scans in corticomedullary phase show an infil- 
trative mass (long arrow) replacing the right kidney with thrombosis 
(short arrow) in the right renal vein 


Urothelial Tumors of the Pelvocalyces 
and Ureter 


Introduction 


Sung Kyoung Moon and Jung Suk Sim 


Various tumors can arise from the pelvocalyces and ureter. 
Transitional cell carcinoma is the most common tumor aris- 
ing from urothelium, followed by squamous cell carcinoma, 
adenocarcinoma, and other carcinomas. Benign tumors aris- 
ing from urothelium—papilloma and inverted papilloma— 
are less common than urothelial carcinoma. Urothelial 
carcinoma appears as the intraluminal mass or wall thicken- 
ing of the pelvocalyces and ureter with hydronephrosis. Its 
characteristics are multiplicity, centrifugal growth, and pres- 
ervation of the renal contour. Tumors arising from mesoder- 
mal tissues are less frequent than tumors arising from 
urothelium. Fibroepithelial polyp is the most common tumor 
among them. Ureteral or periureteral metastasis can occur by 
hematogenous route, lymphangitic spread or direct invasion 
by adjacent malignant tumors. The most common primary 
cancer is stomach cancer. It shows irregular wall thickening 
of the ureter, periureteral fat infiltration, and hydrouretero- 
nephrosis in computed tomography. 

Urinary collecting systems, including calyces, pelvis, and 
ureters, originate in the ureteric bud and consist of urothe- 
lium and mesodermal tissues. Any benign or malignant 
tumors can arise from urothelium and mesodermal tissues. 
Transitional cell epithelium covering the urinary tract has a 
potential for metaplasia to glandular or squamous epithe- 
lium. The most common tumor from the urothelium is tran- 
sitional cell carcinoma (85%), followed by squamous cell 
carcinoma and adenocarcinoma in order of frequency. 
Papilloma and inverted papilloma are representative benign 
epithelial tumors, but extremely rare. Mesodermal tumors 
arise from smooth muscles, neural tissues, vascular tissues, 
fibrous tissues, or lymphoid tissues. The most common 
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mesodermal tumor is fibroepithelial polyp. Ureteral or 
periureteral metastasis can occur in the urinary tract from 
other primary tumors. 


Transitional Cell Carcinoma 


Transitional cell carcinoma is a cancer of transitional epithe- 
lium. It is believed that exposure to industrial carcinogen, 
such as dyes, rubber, cable, plastics, cigarette smoking, and 
abuse of analgesics, are important risk factors for developing 
transitional cell carcinoma. Because elderly men are usually 
exposed to them longer and more intensively, the incidence of 
transitional cell carcinoma is highest in the 50-70-year-old 
age group and occurs more frequently in men than in women. 
Transitional cell carcinoma occurs more frequently in the 
bladder than in the pelvis and ureter by 30-50 times because 
urine that contains carcinogen remains longer in the bladder. 

Multiplicity of transitional cell carcinoma is relatively 
common. Bilateral transitional cell carcinomas occur in the 
renal pelvis and ureter in 1% and 5% of cases, respectively. 
Patients with bladder carcinoma may have upper tract carci- 
noma in 3%, whereas about 30—40% of patients with upper 
tract transitional cell carcinoma have bladder cancer. 

Transitional cell carcinoma has two growth patterns: pap- 
illary and nonpapillary, or invasive. About half of papillary 
tumors has a base on mucosa and grow into lumen, whereas 
nonpapillary tumors usually grow invasively deep into the 
wall. Calcification of transitional cell carcinoma is rare, 
found in less than 3% of cases. When it is found, it shows a 
diffuse, punctate pattern, although in rare instances it is very 
dense and looks like a stone. 

The staging system in the seventh edition of the 
International Union Against Cancer and American Joint 
Committee on Cancer is practical to use (Table 1). In this 
system, T1 indicates that tumor invades subepithelial con- 
nective tissue; T2, tumor invades muscularis; T3, renal pel- 
vis tumor invades beyond muscularis into peripelvic fat or 
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Table 1 TNM staging of renal pelvis and ureter according to the sev- 
enth edition of the International Union Against Cancer and American 
Joint Committee on Cancer 


Primary tumor (T) 


TX Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Ta Papillary noninvasive carcinoma 

Tis Carcinoma in situ 

Tl Tumor invades subepithelial connective tissue 

T2 Tumor invades the muscularis propria 

T3 For renal pelvis only: tumor invades beyond 
muscularis into peripelvic fat or the renal 
parenchyma T3. 


For ureter only: tumor invades beyond 
muscularis into periureteric fat 


T4 Tumor invades adjacent organs, or through the 
kidney into the perinephric fat 


Regional lymph nodes (N) 


NX Regional lymph nodes cannot be assessed 

NO No regional lymph node metastasis 

N1 Metastasis in a single lymph node, < 2 cm in 
greatest dimension 

N2 Metastasis in a single lymph node, > 2 cm but 
not<5 cm in greatest dimension; or multiple 
lymph nodes, none >5 cm in greatest 
dimension 

N3 Metastasis in a lymph node, > 5 cm in greatest 
dimension 


Distant metastasis (M) 
MO 
M1 Distant metastasis 


No distant metastasis 


renal parenchyma, or ureter tumor invades beyond muscu- 
laris into periureteral fat; T4, tumor invades adjacent organs 
or through the kidney into perinephric fat. 


Transitional Cell Carcinoma of the Pelvocalyces 


Transitional cell carcinoma comprises less than 10% of intra- 
renal tumors, but it is two or three times more common than 
transitional cell carcinoma of the ureter. 

Intravenous urography (IVU) findings of papillary transi- 
tional cell carcinomas are basically filling defects, whereas 
nonpapillary tumors, which cause wall thickening, may show 
smooth surfaces. Tumors that obstruct pelvocalyces cause 
dilatation of calyces or pelvis. Tumors that fill a calyx can 
cause disappearance of a calyx, which is referred to as the 
“phantom calyx” or “amputated calyx.” 

Computed tomography (CT) is a useful tool for detec- 
tion and staging of transitional cell carcinoma of the pel- 
vocalyceal system. Recently, CT urography is frequently 
used for the evaluation of upper urinary tract tumors 
because of its simplicity in staging and assessment of the 
upper urinary tract. 
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On nonenhanced CT, transitional cell carcinoma may be 
seen as a mass in the pelvocalyceal system that has attenua- 
tion higher than urine. On contrast-enhanced CT, transitional 
cell carcinoma is enhanced, but much less than the renal 
parenchyma. On delayed CT scan, the tumors appear as fill- 
ing defects in pelvocalyces. 

The findings that suggest renal parenchymal invasion of 
pelvocalyceal tumor are focal areas of decreased enhance- 
ment in the renal parenchyma, vague interface between the 
mass and the renal parenchyma, and focal dilation of caly- 
ces. Renal parenchymal involvement is an important prog- 
nostic factor in pelvocalyceal transitional cell carcinoma. 

If a transitional cell carcinoma grows larger, differentia- 
tion from renal cell carcinoma may be problematic. In this 
instance, the findings that favor transitional cell carcinoma 
are central location of the mass, centrifugal growth pattern, 
maintenance of reniform contour, relatively homogeneous 
attenuation, and weak enhancement. Invasion of renal veins 
and inferior vena cava of transitional cell carcinoma is less 
frequent than that of renal cell carcinoma, but can be 
possible. 

Ultrasonography (US) and magnetic resonance (MR) 
imaging play only a small role in diagnosis and staging of 
pelvocalyceal transitional cell carcinomas. The most com- 
mon US appearance of transitional cell carcinoma is a 
homogeneous hypoechoic mass, but it may show heteroge- 
neous echogenicity when the tumor is larger. On T1- and 
T2-weighted MR images, pelvocalyceal transitional cell car- 
cinoma shows similar signal intensity as renal parenchyma. 
MR urography is not as good as CT urography because of 
poor spatial resolution and artifacts. However, MR imaging 
can be considered in patients with renal dysfunction. 

The most important factor indicating poor prognosis of 
pelvocalyceal transitional cell carcinoma is infiltration 
beyond the pelvic wall. If one can find excreted contrast 
material or sinus fat between the mass and renal parenchyma, 
that tumor can be assigned as stage T2 or less. 


Transitional Cell Carcinoma of the Ureter 


Ureteral transitional cell carcinoma is unique because of its 
infiltrative and well-metastasizing nature. It is believed to be 
due to a thin ureteral wall and abundant lymphatics around 
the ureters. 

Urography is useful in detecting transitional cell carcino- 
mas of the ureter. Traditionally, if transitional cell carcinoma 
of any site was detected, IVU has been performed to find out 
additional transitional cell carcinomas in the urinary tract. 
TVU findings of ureteral transitional cell carcinoma are most 
commonly nonfunctioning kidney or hydronephrosis. IVU 
may demonstrate ureteral filling defects or circumferential 
or eccentric masses in the ureteral wall. “Goblet sign” or 
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“Bergman's sign” is useful in differentiating a ureteral tumor 
from a ureteral stone. A typical feature of intraluminal tumor 
is dilation of the adjacent proximal as well as the distal ure- 
ter. Distal ureteral dilation in ureteral tumor is believed to be 
due to mechanical expansion by tumor and repeated intus- 
susceptions of tumor into the distal segment of the ureter. On 
the other hand, acute obstruction due to ureteral stone does 
not cause distal ureteral dilation. Instead, the distal segment 
of the ureter is narrowed in acute obstruction due to spasm 
and decreased urine flow. 

CT including CT urography is the most feasible tool and 
superior to IVU in the diagnosis and staging of ureteral tran- 
sitional cell carcinoma. CT is superior in differentiating ure- 
teral tumor from stone or hematoma, in detecting multiple 
transitional cell carcinoma, and in demonstrating the changes 
in adjacent structures such as periureteral infiltration or 
regional lymph node enlargement. On CT imaging, ureteral 
transitional cell carcinoma can be shown as enhancing mass, 
filling defects in CT urography, or concentric wall thickening 
with hydronephrosis. 


Squamous Cell Carcinoma 


Squamous cell carcinoma is the second most common tumor 
of the urinary tract. It is more common in the renal pelvis 
than in the ureter, and comprises 15% of all renal pelvis 
tumors. Longstanding irritation of the urothelium, typically 
by stone, indwelling catheter, or schistosomiasis, causes 
metaplasia of the transitional epithelium to squamous epithe- 
lium. Hypertrophy of metaplastic squamous epithelium 
results in leukoplakia, and then, leukoplakia changes into a 
squamous cell carcinoma if it is continuously exposed to 
concentrated carcinogen in urine. 

It is difficult to differentiate squamous cell carcinoma 
from transitional cell carcinoma radiologically. Squamous 
cell carcinoma is usually larger than transitional cell carci- 
noma at the time of diagnosis, and frequently has stones or 
signs of chronic irritation. 


Adenocarcinoma and Carcinosarcoma 
Adenocarcinoma 


Adenocarcinoma of the urinary tract is much rarer than tran- 
sitional cell carcinoma and squamous cell carcinoma. Like 
squamous cell carcinoma, adenocarcinoma is caused by 
malignant transformation of metaplastic mucosa. It is com- 
monly associated with stone disease or chronic inflammatory 
disease. Like adenocarcinoma of other organs, dystrophic 
calcification is rather common, especially in mucin-producing 
adenocarcinoma. 
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Carcinosarcoma 


Sometimes carcinoma and sarcoma are found together. Sarco- 
matoid transformation of carcinoma or collision of two tumors 
is possible. The carcinomatous component is transitional cell or 
squamous cell, whereas the sarcomatous component is various 
types. The prognosis of carcinosarcoma is poor. 


Papilloma and Inverted Papilloma 


Papilloma is a benign tumor of transitional epithelium. 
Inverted papilloma is also a benign tumor of transitional epi- 
thelium, but the direction of growth is different. Papilloma 
grows toward the luminal direction, whereas an inverted pap- 
illoma grows into submucosa. Histologic features of the two 
tumors are the same, but whether they are the same tumors 
is still being debated. They may be premalignant lesions. 
A usual radiologic finding is a round, mucosa-based filling 
defect that is quite similar to low-grade transitional cell 
carcinoma. 


Metastatic Tumors of Urinary Tract 


Ureteral and periureteral metastases can be frequently found 
in the patient with advanced distant primary cancer. 
Hematogenous spread to mucosa and submucosa of ureter is 
less common than hematogenous and lymphatic spread to 
periureteral connective tissue. The most common cause of 
ureteral and periureteral metastases is gastric cancer, fol- 
lowed by cancer of kidney, breast, and lung. Bilateral involve- 
ment is common. However, left side involvement is more 
frequent than right side involvement. Ureteral and peri- 
ureteral metastases cause urinary tract obstruction and renal 
dysfunction. 

IVU and direct pyelography can demonstrate varying 
degree of hydronephrosis, varying length of ureteral 
stenosis, ureteral wall irregularity, and decreased peristal- 
sis. The common CT findings of ureteral and periureteral 
metastases are thickening of ureteral wall, periureteral 
soft tissue density, and small periureteral enhancing nodu- 
lar lesions. 
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1. Transitional Cell Carcinoma of the Renal Pelvocalyces 


Fig. 1.2 Transitional cell carcinoma of the renal pelvocalyces in a 
47-year-old man. IVU shows irregular filling defects in the pelvocaly- 
ces of the right kidney (arrows). Note that the surface of the lesions has 
mottled and streaky appearance suggesting papillary nature of the 
lesion, which is called stipple sign 


Fig. 1.1 Papillary transitional cell carcinoma of the calyx in a 68-year- 
old woman. Retrograde pyelogram (RGP) shows papillary tumor 
involving upper-pole calyx of the left kidney (arrows). Note mottled 
and streaky collection of contrast material on the surface of the tumor 
suggesting papillary nature of the tumor 


Illustrations 


A 


Fi 3 Transitional cell carcinoma with calyceal amputation in a 
63-year-old woman. (A) RGP shows amputation of the calyx (arrows) in 
the upper pole of the right kidney. Note the irregularities at the interface 
between tumor surface and contrast material. (B) Contrast-enhanced CT 
shows low attenuated soft tissue mass of upper pole calyx (long arrow) 


Fig. 1.4 Transitional cell carcinoma of the pelvocalyces in a 55-year-old 
man who had transitional cell carcinoma of the bladder treated by repeated 
transurethral resection for 10 years. IVU shows fine nodularities and 
irregularities in the left pelvocalyces and proximal ureter (arrowheads) 
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which invades renal parenchyma, but preserves the renal contour (small 
arrows). (C) Amputated calyceal infundibulum of the upper pole in the 
right kidney (arrow) is well-demonstrated in CT urography. In addition, 
the renal parenchyma of the upper pole is scarcely demonstrated due to 
poor enhancement of the transitional cell carcinoma 
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Fig. 1.6 Transitional cell carcinoma involving pelvocalyces in a 
68-year-old man. (A) RGP shows large lobulated filling defects (arrows) 
in the right renal pelvis. (B) Contrast-enhanced CT shows filling defects 
(arrows) in the right renal pelvis 
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Fig. 1.5 Small transitional cell carcinoma in a 79-year-old woman. 
(A) RGP shows a small filling defect (arrow) in the left renal pelvis. 
(B) Coronal reformation image of contrast-enhanced CT shows enhanc- 
ing soft tissue lesion (arrow) in the left renal pelvis. (C) In excretory 
phase of contrast-enhanced CT, the lesion is detected as a filling defect 
(arrow) in the renal pelvis 
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Fig. 1.7 Transitional cell carcinoma involving pelvocalyces in a right kidney shows wall thickening of pelvocalyces (arrows). Also note 
65-year-old woman. IVU (A) and RGP (B) show infundibular narrow-  caliectasis in the upper pole (long arrow). (D) Color Doppler US shows 
ing and filling defects of pelvocalyceal system (arrows). (C) US of the vascularity along the thickened pelvocalyceal wall 
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Fi Papillary transitional cell carcinoma of the pelvocalyces in 
a 59-year-old man. (A) Longitudinal US of the left kidney shows 
masses (arrows) in the dilated renal pelvis and upper polar calyx. (B) 
Color Doppler US shows hypovascular nature of the mass in the left 
kidney upper pole. (C) IVU shows filling defects (arrows) in the renal 


pelvis and upper-pole calyx in the left kidney. Note the mottled filling 
defects in upper-pole calyx, which suggest papillary nature of the 
lesion. (D) Surgical specimen demonstrates papillary surface of the 
pelvocalyceal tumor. Lesion invades to subepithelial connective tis- 
sue layer (pT1) 


Illustrations 
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Diffuse infiltrative transitional cell carcinoma of the pelvoca- 
lyces in a 75-year-old woman. (A and B) Contrast-enhanced CT scans 
show dilated right renal pelvis with diffuse wall thickening and enhance- 
ment (arrows). Note that the lumen of the right renal pelvis (arrow) is 


filled with excreted contrast material. (C) RGP shows diffuse nodulari- 
ties and irregularities in the right pelvocalyces. Note pyelotubular back 
flow (arrow) from the lower-pole calyx 


Simultaneous transitional cell carcinoma and renal cell car- 
cinoma in a 62-year-old man. (A) Contrast-enhanced CT scan in corti- 
cal phase shows lesions in both kidneys. Right kidney has a 
well-enhancing, spherical mass (arrows) in the sinus region. Note that 
the attenuation of the right renal mass is similar to that of the renal 
cortex. In the left kidney, the wall of the renal pelvis enhances and is 


thickened and irregular (arrowheads). Also note a simple cyst in the left 
kidney. (B) CT scan in excretory phase shows the right renal mass 
(arrows) and thickened pelvic wall in the left kidney more clearly. The 
right renal mass was a renal cell carcinoma, and transitional cell carci- 
noma was found in the left renal pelvis 
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2. Transitional Cell Carcinoma with Renal Parenchymal Invasion 


Fig. 2.1 Transitional cell carcinoma with renal parenchymal invasion 
in a 56-year-old woman. (A) Longitudinal US of the right kidney shows 
an ill-defined hypoechoic lesion in the lower pole (arrows). (B) The 
lesion lacks vascularity on color Doppler US. (C) Transverse US 


enlarged paraaortic and aortocaval lymph nodes. (D) Contrast-enhanced 
CT scan shows low attenuation tumor of renal pelvis with invasion of 
renal parenchyma (white arrows). Note the enlarged aortocaval and ret- 
rocaval lymph nodes (black arrows) 


Illustrations 
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Fig. 2.2 Missed transitional cell carcinoma progressing for 2 years in 
a 70-year-old man. (A) Initial IVU shows a filling defect in the upper- 
pole calyx of the left kidney. (B) The renal pelvis is downward-displaced 
on IVU taken 2 years later. Note the irregular upper border and papil- 
lary filling defects of the left renal pelvis. (C) Coronal reformation 


image of contrast-enhanced CT demonstrates the low attenuation tumor 
of renal pelvocalyceal system and invasion of the upper-polar renal 
parenchyma. (D) Gross findings are well-correlated with imaging 
findings 


Transitional cell carcinoma with segmental arterial invasion 
in a 63-year-old man with history of colon cancer. (A) Longitudinal US 
of the right kidney shows diffusely enlarged upper pole (arrows) with 
heterogeneous echogenicity. (B) Color Doppler US of the right kidney 
in transverse plane with the patient in lateral decubitus position shows 
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that the posterior aspect of the right kidney is poorly perfused (aster- 
isk). (C and D) Contrast-enhanced CT scans show sharp and straight 
margin of the lesion (arrowheads) suggesting involvement of the seg- 
mental renal artery by the tumor. Note that the lesion has an area of 
necrosis and the renal sinus fat is obliterated 


Transitional cell carcinoma with tumor emboli in segmental 
artery in a 55-year-old man. (A and B) Contrast-enhanced CT shows a 
homogeneous, low-attenuated mass in the renal pelvis (arrow). Note 


poor enhancement of the posterior part of the renal parenchyma with 
sharp and linear border (arrowheads) suggesting involvement of the 
arterial branch supplying that portion of the kidney 


Illustrations 
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Transitional cell carcinoma of the renal pelvis in a 41-year- 
old woman. (A) IVU shows a large filling defect in the renal pelvis and 
amputated calyces. Only lower-pole calyx is opacified and is slightly 
dilated. (B) RGP well demonstrates a filling defect with irregular mar- 
gin in the pelvocalyces of the right kidney. Note the filling of contrast 
material in the upper-polar region probably in the necrotic cavity of the 
tumor (arrow). (C) Longitudinal US of the right kidney demonstrates 


a large tumor (arrows) in the renal pelvis extending into the renal 
parenchyma in the upper-pole area. Note an irregular cavity (arrow- 
heads) in the tumor, which was opacified on RGP. Also note that the 
lower-pole calyx is slightly dilated. (D and E) Contrast-enhanced CT 
scans show dilated right renal pelvis filled with tumor and upper-polar 
region replaced by the low-attenuated tumor. Note a low-attenuated 
necrotic area (arrow) within the tumor 
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Fig. 3.1 Renal vein invasion in a 40-year-old man with transitional 
cell carcinoma of the renal pelvocalyces and proximal ureter. (A) RGP 
shows multiple infundibular narrowing and contrast filling into dilated 
calyx (arrows) of upper pole of the right kidney. Segmental stenosis of 
proximal ureter is also noted (black arrows). (B) Contrast-enhanced CT 


shows conglomerated masses and lymph nodes directly invading right 
renal vein (arrow). (C) Thrombosis is seen in suprarenal portion of 
inferior vena cava (arrow). Note the contrast filling in the ectatic caly- 
ces (small arrows) 


Illustrations 


Fig. 3.2 Renal vein invasion and thrombosis in a 35-year-old woman 
with transitional cell carcinoma. Contrast-enhanced CT in coronal 
plane shows a large mass with poor enhancement in the right kidney 
that extends into right renal vein (arrow). The reniform contour of the 
right kidney is preserved, suggesting transitional cell carcinoma rather 
than renal cell carcinoma 
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g. 3.3 Renal vein invasion in a 46-year-old man with transitional 
cell carcinoma mixed with squamous cell carcinoma of the renal pelvo- 
calyces. (A) IVU shows papillary tumors (arrows) in the tip of the 
upper-pole calyx of the left kidney. (B) RGP taken 2 months later shows 
marked progression of the disease, with amputation of the upper 
calyceal infundibulum (arrow). (C) Contrast-enhanced CT shows 
extensive parenchymal invasion by the tumor (asterisk) and invasion of 
the left renal vein with thrombosis (arrows) 
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4. Transitional Cell Carcinoma Occurred in Congenital Ureteropelvic Junction Obstruction 


Fig. 4.1 Transitional cell carcinoma of the pelvocalyces in a 55-year-old 
man with bilateral ureteropelvic junction obstruction. (A) IVU shows 
multiple masses arising in the wall of the dilated pelvocalyces of the left 
kidney. (B) Longitudinal US of the left kidney shows nodular masses 


(arrowheads) in the wall of the dilated pelvocalyces. (C) Contrast- 
enhanced CT shows dilated pelvocalyces of both kidneys. Note thicken- 
ing and nodular masses (arrowheads) in the left pelvocalyces. Also note 
metastatic lymph nodes in the paraaortic region (asterisks) 


F 1.2 Transitional cell carcinoma of the renal pelvis in a 68-year- 
old man with ureteropelvic junction obstruction. (A) US of the left kid- 
ney shows markedly dilated renal pelvis and fungating masses 


(arrowheads). (B) Contrast-enhanced CT shows markedly dilated pel- 
vocalyces with nodular masses (arrows) in the left kidney 
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5. Transitional Cell Carcinoma of the Ureter 
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Fig. 5.1 Transitional cell carcinoma of the ureter in a 64-year-old 
woman. RGP shows dilated left ureter and filling defects with papillary 
surface (arrows) 


Fig.5.2 Transitional cell carcinoma of the distal ureter in a 55-year-old 
man. (A) RGP shows a round filling defect in the right distal ureter. Note 
smooth concavity of dilated ureter just below the lesion, which is called 
goblet sign. (B) Coronal reformation image of contrast-enhanced CT 
shows the enhancing soft tissue mass (arrow) in the right distal ureter 
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Fig. 5.4 Transitional cell carcinoma of the distal ureter in a 48-year- 
old man. (A) Transrectal color Doppler US demonstrates a hypervascu- 
lar mass in the right distal ureter. (B) Contrast-enhanced CT shows an 
enhancing soft tissue lesion (arrow) in the right distal ureter 


Fig. 5.3 Invasive transitional cell carcinoma of the mid ureter in a 
63-year-old woman. Sagittal reformation image of contrast-enhanced 
CT shows a mass and wall thickening of the mid ureter (arrow) with 
upstream ureteral dilatation 
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Fig. 5.5 Transitional cell carcinoma manifesting as a long-segment 
stenosis of the ureter in a 69-year-old woman. RGP shows a long-seg- 
ment stenosis of the right distal ureter with relatively smooth margin 
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6. Multiple Transitional Cell Carcinomas in the Urinary Tract 


6.2 Multiple transitional cell carcinoma with squamous differen- 
tiation in a 46-year-old man. (A and B) Coronal reformation images of 
contrast-enhanced CT scan demonstrates multiple enhancing soft tissue 
lesion (arrows) in pelvocalyces and ureter with hydronephrosis 


Fig 6.1 Multiple transitional cell carcinomas in a 56-year-old man. 
(A) IVU shows multiple papillary tumors in the right renal pelvis 
(arrow) and urinary bladder (arrowheads). (B) Contrast-enhanced CT 
of the kidney demonstrates the tumor in the right renal pelvis (arrow) 
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Fig. 6.3 Multiple transitional cell carcinomas in a 56-year-old man. system of the left kidney. (C) After left nephroureterectomy, multiple 
(A and B) Contrast-enhanced CT shows a tumor (arrow in A) as a bladder transitional cell carcinomas developed. Note multiple fungat- 
enhancing soft tissue and filling defect (arrow in B) in pelvocalyceal ing lesions arising from the bladder wall 
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7. Calcified Transitional Cell Carcinoma 


Fig. 7.2 Transitional cell carcinoma with extensive calcification in a 
59-year-old man. (A and B) Multiple calcifications in tumor of the left 
renal pelvis are shown at CT. Tumor infiltration is noted in renal paren- 
chyma, renal hilar vessels, and perirenal fat. Metastatic lymph nodes 
(arrows) are also noted in aortocaval area 


Fig.7.1 Calcified transitional cell carcinoma in a 62-year-old woman. 
(A) RGP shows an irregular-marginated filling defect in the right renal 
pelvocalyces (arrow). (B) Nonenhanced CT demonstrates calcification 
at the surface of the tumor (arrow) in the right kidney. (C) Contrast- 
enhanced CT shows the tumor as a filling defect (black arrow) associ- 
ated with the perfusion defect of the adjacent renal parenchyma 
(arrowheads) 
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8. Transitional Cell Carcinoma with Other Histologic Differentiation 


Fig. Transitional cell carcinoma with squamous and glandular dif- (arrowheads) in the pelvocalyces with peripheral caliectasis (arrows). 
ferentiation in a 56-year-old man. (A) IVU shows amputated lower- (C) Contrast-enhanced CT shows ill-defined, low-attenuated mass 
pole calyx and nodular lesions in the renal pelvis and proximal ureter. (arrowheads) and dilated calyces (arrows) 

(B) Longitudinal US of the right kidney shows soft tissue masses 


Fig. 8.2 Sarcomatoid transitional cell carcinoma in a 27-year-old 
woman. (A) IVU shows a suspicious mass in the tip of the upper-polar 
calyx in the right kidney (arrowheads). (B) RGP taken 10 days later 
shows markedly enlarged mass bulging into the renal pelvis (arrow- 
heads). (C) US of the right kidney in transverse plane shows a mass 
(arrows) bulging into the renal sinus with lobulated contour and hetero- 
geneous echogenicity. Note a round, hypoechoic nodule (arrowheads) 
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in the posterior aspect of the mass. P—remnant renal parenchyma. 
(D) Contrast-enhanced CT shows a round, low-attenuated mass (arrow- 
heads) in the posterior aspect of the upper pole of the right kidney. 
(E) CT scan at lower level shows extension of the mass in the right renal 
pelvis (arrow) and poor perfusion of the posterior part of the renal 
parenchyma (asterisks) 


Illustrations 


Fig. 8.3 Undifferentiated carcinoma in a 55-year-old man. Contrast- 
enhanced CT shows a low attenuated lesion almost replacing the whole 
left kidney. Note tumor extension along the left anterior pararenal space 
(arrows) 
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9. Adenocarcinoma of the Urinary Tract 


the right kidney (arrowhead) that bulges into the renal pelvis (arrow). 


Fig. 9.1 Papillary adenocarcinoma of the renal pelvis in a 36-year-old 
man. (A) Longitudinal US of the right kidney shows around, echogenic (C) RGP well demonstrates the mass bulging into the renal pelvis 


mass (arrows) in the interpolar region. (B) Contrast-enhanced CT (arrowheads) 
shows an ill-defined, low-attenuated lesion in the interpolar region of 


Illustrations 


Fig. 9.2 Mucinous adenocarcinoma and transitional cell carcinoma of 
the right distal ureter in a 77-year-old woman. (A) IVU shows a seg- 
mental stenosis of the right distal ureter (white arrow) and an irregular- 
marginated filling defect in more distal ureter (black arrow). (B) 
Contrast-enhanced CT shows concentric wall thickening of the right 


distal ureter (arrow). (C) CT scan at lower level shows a soft tissue 
mass in the terminal ureter (arrow). (D) Surgical specimen shows the 
upper concentric wall thickening (white arrow) and the lower polypoid 
mass with papillary surface (black arrow), which were mucinous ade- 
nocarcinoma and papillary transitional cell carcinoma, respectively 
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10. Squamous Cell Carcinoma of the Urinary Tract 


Fig. 10.1 Squamous cell carcinoma of the pelvocalyces with urolithiasis in shows markedly enlarged left kidney containing a large stone (arrow). The 
a 59-year-old man. (A) Longitudinal US of the left kidney shows enlarged left renal enlargement is probably due to dilated pelvocalyces with areas of 
kidney with heterogeneous echogenicity. Note a large stone (arrow) with heterogeneous enhancement (arrowheads) suggesting tumorous condition 
posterior sonic shadowing in the left kidney. (B) Contrast-enhanced CT 
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Fig. 10.2 Squamous cell carcinoma of the pelvocalyces with urolithiasis 
in a 80-year-old man. (A) Contrast-enhanced CT shows a poor-enhancing 
soft tissue tumor in the right kidney with preservation of the reniform 
contour. The right kidney contains large stones (white arrow). Also note 
retroperitoneal lymph node metastasis (black arrows). (B) Fast spin echo 
T2-weighted MR image shows the hypointense mass in the right kidney. 
The periphery of the mass demonstrates less hypointense area (arrow), 
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which represents viable tumor. (C) Contrast-enhanced T1-weighted cor- 
onal image with fat saturation shows the necrotic tumor mass with focal 
enhancing portion in the medial aspect of the lesion. (D) Surgical speci- 
men of the right nephrectomy revealed massive necrotic tumor involving 
the entire right kidney and the right proximal ureter. Perinephric fat inva- 
sion is also noted in the upper pole 
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11. Extensive Transitional Cell Carcinoma of Renal Pelvocalyceal System and Ureter 


Multiple lymph node and liver metastases due to transitional 
cell carcinoma of the renal pelvis, ureter, and bladder after transurethral 
resection of the prostate and left nephroureterectomy in a 73-year-old 
woman. Contrast-enhanced CT shows multiple enlarged lymph nodes 
(arrows) in the retroperitoneal area are noted 


Fi 1 Infiltrative transitional cell carcinoma in a 66-year-old 
woman. Contrast-enhanced CT shows a tumor extending from the right 
renal pelvis to the adjacent right psoas muscle (black arrow) and retro- 
peritoneal space. Note an encasement of the right renal artery by the 
tumor (white arrow) 


Fig. 11.4 Local recurrence and metastases at the operation site after left 
nephroureterectomy due to the right kidney transitional cell carcinoma 
in a 59-year-old man. Contrast-enhanced CT shows the recurrent tumors 
in the left paraaortic area and incision site of the left flank (arrows) 


11.2 Extensive transitional cell carcinoma with liver and lymph 
node metastasis. Contrast-enhanced CT shows an infiltrative tumor 
extending to the perinephric fat and nodularity along the Gerota’s fascia 
(arrows). Multiple metastatic masses (arrows) in the liver are also seen 
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12. Benign Urothelial Tumor of the Urinary Tract 


Fig. 12.1 Fibroepithelial polyp of the left ureter in a 59-year-old woman. (A) IVU shows an elongated filling defect in the left distal ureter 
(arrows) without upstream ureter dilatation. (B) RGP shows the elongated filling defect with smooth margin in the left distal ureter (arrows) 
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Fig. 12.2 Fibroepithelial polyp of the ureter in a 33-year-old man. (A) IVU shows a long segment filling defect (arrow) of the left proximal and 
mid ureter. (B and C) Contrast-enhanced CT shows an elongated soft tissue lesion (arrow) in the mid ureter 
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13. Metastatic Tumors of the Ureter 


Fig. 13.1 Periureteral metastasis from the advanced gastric cancer in a 44-year-old man. (A) IVU shows diffuse narrowing and marginal irregular- 
ity of the left distal ureter (arrows). (B) Contrast-enhanced T1-weighted MR image shows the diffuse wall enhancement of the dilated left ureter 
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Fig. 13.3 Recurrent renal cell carcinoma in the remnant ureter in a 
75-year-old man who underwent left radical nephrectomy 5 years ear- 
lier. (A) Contrast-enhanced CT shows a dilated left ureter filled with a 
homogeneous soft tissue mass (arrow). (B) RGP shows filling defects 
(arrows) in the distal portion of the remnant left ureter (A and B, From 
Yoo et al. 2000) 


Fig. 13.2 Periureteral metastasis from the advanced gastric cancer in a 
55-year-old man. (A) RGP demonstrates irregular-marginated stricture 
of the right proximal ureter (arrows)and hydronephrosis. Note the pylo- 
ric and biliary stents (arrowheads) used for gastric outlet and biliary 
obstruction due to stomach cancer. (B) Contrast enhanced CT shows 
wall thickening of the right proximal ureter (arrow) and infiltration of 
the right retroperitoneal fat around the ureter 
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14. Brush Biopsy for Urothelial Tumor 


Fig. 14.1 Papillary transitional cell carcinoma of the ureteropelvic 
junction that was diagnosed with brush biopsy in a 64-year-old man. 
(A) IVU shows a round mass in the right ureteropelvic junction 
(arrow) without obstruction. (B) Contrast-enhanced CT shows a nod- 
ular filling defect (arrow) in the ureteropelvic junction of the right 
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kidney. (C) Urine cytology did not reveal tumor cells and therefore 
brush biopsy of the mass was performed under fluoroscopic guidance, 
which revealed transitional cell carcinoma. Note a biopsy brush 
(arrows) within the mass (arrowheads) 


Renal Cysts and Cystic Diseases 


Introduction 


Chan Kyo Kim and Bohyun Kim 


Renal cystic disease refers to a heterogeneous entity of 
various causes, including simple or complicated cysts, hered- 
itary polycystic disease, and developmental cystic diseases 
such as multicystic dysplastic kidney, acquired cystic dis- 
ease, and cystic lesions associated with von Hippel-Lindau 
disease or tuberous sclerosis. Although the diagnosis can be 
made on the basis of the history of the patient and imaging 
findings, it is often difficult to differentiate benign from 
malignant cystic lesions. 

Cystic renal disease is a common incidental finding when 
imaging the abdomen with computed tomography (CT), 
ultrasonography (US), or magnetic resonance (MR) imag- 
ing. Fortunately, most findings are simple renal cysts that can 
be easily diagnosed and do not require treatment. However, 
more complicated cystic renal lesions are also identified, and 
differentiation between complicated renal cysts and cystic 
renal neoplasms often offers a diagnostic challenge. 

Even if not a pathologic classification of cystic renal 
lesions but rather an imaging and clinical management sys- 
tem, the Bosniak renal cyst classification has been widely 
used in evaluating cystic renal lesions and would be expected 
to continue to have relevance as a guideline for the evalua- 
tion and proper management of patients with renal cysts and 
complicated renal lesions. 


Simple Cyst 
A simple cyst is defined as a benign, fluid-filled, nonneoplastic 


lesion. This is the most common benign renal lesion, repre- 
senting more than 70% of all asymptomatic renal masses. 
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Renal cysts commonly arise in the cortex but may be located 
in the medulla. They are more common in older age groups 
and thus are believed to be acquired lesions. Although the 
pathogenesis is not well known, ductal or tubular obstruction 
and vascular compromise are considered to be causative 
factors. 

Simple cysts contain clear fluid and are lined by a thin 
layer of cuboidal epithelium. With imaging study, the diag- 
nosis of renal cysts can be made by demonstrating a well- 
demarcated cystic lesion with clear fluid content and a very 
thin wall. On plain radiographs, renal cyst is seen as a bulg- 
ing mass if located in the periphery. Intravenous urography 
(IVU) may demonstrate a radiolucent mass that splays or 
displaces renal pelvocalyceal systems. When a renal cyst is 
located peripherally, surrounding normal parenchyma may 
demonstrate a typical crescentic margin, designated as “beak 
sign” or “claw sign.” 

On US, a simple cyst is seen as a round, well-circum- 
scribed, anechoic mass with a sharp interface with normal 
parenchyma and posterior sonic enhancement. On MR imag- 
ing, it appears as thin-walled cystic lesion of low signal 
intensity on T1-weighted images, homogeneous high signal 
intensity on T2-weighted images, and no demonstrable 
enhancement following administration of intravenous con- 
trast material. On CT, a simple cyst is seen as a round, thin- 
walled, low-attenuated lesion with no significant enhancement 
following administration of intravenous contrast material. 
Typically, it demonstrates attenuation values of 10-20 HU 
on noncontrast images. Renal parenchyma around the cyst 
may mimic a thick wall in cross section, which is called 
“pseudo-thick wall sign.” This is most commonly seen in the 
polar areas but can also be seen near the renal sinus. 

Occasionally, a simple cyst may reveal artificial enhance- 
ment of 10 HU or more on contrast-enhanced CT, so-called 
pseudoenhancement. This may potentially result in the mis- 
characterization of a renal cyst as a renal neoplasm. This phe- 
nomenon on CT is thought to be secondary to beam-hardening 
effects and partial-volume averaging. The pseudoenhancement 
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most commonly occurs when the cyst is surrounded by renal 
tissue during the peak level of renal parenchymal enhance- 
ment, especially when the lesion is small in size (<2 cm) and 
in completely intraparenchymal location. In clinical practice, 
pseudoenhancement can be suspected when a mass appears as 
a simple cyst but measures greater than 10 HU or less on unen- 
hanced CT and demonstrates mild apparent enhancement, 
ranging 10-15 HU following administration. This should be 
differentiated with a truly enhancing renal lesion and US or MR 
imaging can be used as the problem-solving modalities for the 
differentiation. 


Complicated Cyst 


Simple cysts may be complicated with hemorrhage, infec- 
tion, inflammation, or ischemia. As the results, the compli- 
cated cyst may have septations, calcifications, thick walls, 
nodularity, multiple locules, enhancement, high attenuation 
(>20 HU) on unenhanced CT, or signal intensity not typical 
of water on MR imaging. 

The gross features of a complicated cyst and cystic renal 
cell carcinoma can be similar and there is considerably over- 
lap in imaging findings of these entities. Even if a confirma- 
tive differentiation may require histologic evaluation, careful 
analysis of the pattern of calcification, internal attenuation, 
and septations can provide the important clues for the dif- 
ferentiation between nonneoplastic complicated cysts and 
cystic renal cell carcinoma. Some lesions can be categorized 
as definitively benign (no further imaging evaluation needed), 
probably benign (needing follow-up imaging), or indetermi- 
nate or suspicious for neoplasm (needing surgery). For 
example, surgery may be needed for cases such as calcified 
lesions associated with enhancement, nodularity, or wall 
thickening within the mass, hyperattenuating or high T1 sig- 
nal intensity lesions with lack of a smooth contour or inter- 
face, heterogeneous nature, significant enhancement, or solid 
appearance at US, and septated lesions with thick, irregular, 
or nodular or significant enhancement. Complicated cysts 
with multiloculated appearance, contrast enhancement, wall 
thickening, or nodularity may need surgery or careful imag- 
ing follow-up. 


Hyperdense or Hyperattenuating Cysts 


Hyperdense cysts, also known as hyperattenuating cysts, 
refer to cysts that demonstrate high attenuation of greater 
than 20 HU on nonenhanced CT, or high signal intensity if it 
has higher signal intensity than water on T1-weighted MR 
imaging. The causes of these high-attenuation or higher sig- 
nal intensity lesions include hemorrhage, blood breakdown 
debris, high protein products, or colloid. Hemorrhagic cyst is 
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the most common cause and solid tumors such as lymphoma, 
renal cell carcinoma, or metastasis are among rare causes. 
In clinical practice, because internal structures within a 
hyperdense cyst cannot be well evaluated by nonenhanced 
CT or nonenhanced MR imaging, the presence or absence of 
contrast enhancement in the cystic lesion is an important cri- 
terion for the differentiation between benign and malignant 
hyperdense lesions. On CT, masses that increase in attenua- 
tion by more than 10 HU are considered enhancing, but due 
to the variability of HU readings, an attenuation difference of 
20 HU or more may be a more specific and reasonable crite- 
rion of enhancement. A renal mass that enhances 10-20 HU 
is indeterminate and needs further imaging evaluation, 
including better optimized CT, US, or MR imaging. 
Presence or absence of enhancement on MR imaging can 
be evaluated by comparing the unenhanced and contrast- 
enhanced images subjectively. Sometimes, however, it is dif- 
ficult to depict subtle enhancement using this method. 
Subtraction of unenhanced fat-saturated T1-weighted images 
from gadolinium-enhanced fat-saturated T 1-weighted images 
can be used as a reliable and reproducible tool for demon- 
strating the presence or absence of enhancement within a 
renal mass. For accurate evaluation it is essential to have 
accurate image coregistration of the unenhanced and con- 
trast-enhanced images. Measuring the signal intensity units 
and calculating the percentage enhancement may be used for 
the differentiation. It showed promising results by using a 
relative percentage signal intensity change as a threshold. 


Infected Cyst 


Infected cyst may be infected by several routes: hematoge- 
nous dissemination, vesicoureteral reflux, surgical proce- 
dure, or cyst puncture. Fever and flank pain may occur, but 
symptoms may also be absent. Pathologically, infected cysts 
commonly have prominently thickened walls that are occa- 
sionally calcified. Their contents are composed of various 
amounts of inspissated pus and fluid, as well as calcified and 
noncalcified debris. 

On imaging, infected cysts demonstrate the characteristic 
features. Typically, US reveals a thick-walled cystic mass 
with scattered internal echoes. A debris-fluid level is occa- 
sionally seen. Gas within an infected cyst produces high- 
amplitude echoes with low-level posterior dirty acoustic 
shadowing. CT findings include thickened wall, internal sep- 
tations, debris-fluid level, air-fluid level, heterogeneous 
appearance of the cystic fluid, and rarely gas-fluid level. On 
MR imaging, infected cysts demonstrate higher signal inten- 
sity than water on T1l-weighted images. Infected cysts are 
often less homogeneous than a simple cyst. Thickened cystic 
wall enhancement on contrast-enhanced T1-weighted images 
1s identified. 
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Table 1 The Bosniak renal classification of renal cysts 


Category Features 


I A simple benign cyst with a hairline-thin wall that 
does not contain septa, calcification, or solid 
components. It measures as water density and does 
not enhance with contrast material 


II A benign cyst that might contain a few hairline-thing 
septa. Fine calcification might be present in the wall 
or septa. Uniformly high-attenuation lesions 
of <3 cm that are sharply marginated and do not 
enhance 


TIF These cysts might contain more hairline-thin septa. 
Minimal enhancement of a hairline-thin septum or 
wall can be seen and there might be minimal 
thickening of the septa or wall. The cyst might 
contain calcification that might be nodular and thick 
but there is not contrast enhancement. There are no 
enhancing soft-tissue elements. Totally intrarenal 
nonenhancing high-attenuation renal lesions 
of>3 cm are also included in this category. These 
lesions are generally well marginated 


Il These lesions are indeterminate cystic masses that 
have thickened irregular walls or septa in which 
enhancement can be seen 


IV These lesions are clearly malignant cystic lesions 
that contain enhancing soft-tissue components 


F follow-up needed 
Data from Israel and Bosniak (2005b) 


Bosniak Classification of Cystic Renal Masses 


The Bosniak classification of renal cysts is a system used 
worldwide in evaluating cystic renal masses. It is based on 
CT findings and enables a cystic mass to be classified into 
one of five groups (categories I, II, HF, M, and IV). As can 
be seen in Table 1, it is not a pathologic classification of cys- 
tic renal masses but rather an imaging and clinical manage- 
ment system. This classification was originally described in 
1986, and it has been updated and further defined. 

Category I and II lesions are benign and do not require 
intervention. Category IF lesions are thought to be benign but 
need imaging follow-up to prove benignity by showing stabil- 
ity. Category III lesions need surgical intervention in most 
cases because neoplasm cannot be excluded. This category 
includes complicated hemorrhagic or infected cysts, multiloc- 
ular cystic nephroma, and cystic neoplasms; these lesions are 
frequently indeterminate even in gross observation by urolo- 
gist at surgery or in gross pathologic examination by patholo- 
gist, and need histologic confirmation. Category IV lesions 
are clearly malignant and need to be removed. 

Although the Bosniak classification was developed based 
on CT findings alone, other imaging modalities such as US 
and MR imaging can be commonly applied. MR imaging 
may have a limitation to depict calcification within the septa 
or wall of a cystic lesion, but calcification plays only a minor 
role in their overall evaluation. The diagnosis of malignancy 
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or the decision to operate on a cystic mass cannot be made on 
the basis of the presence or amount of calcifications. MR 
images may reveal some advantages compared with CT; MR 
imaging may better demonstrate septae or mural nodules that 
are not depicted at CT, or enhancement in renal lesions that 
is seen only equivocal at CT. Thus, it is possible that a cystic 
renal mass can be upgraded in a higher Bosniak category 
with MR imaging than with CT in some cases. 

The role of US in the evaluation of cystic renal masses 
may be limited with a few exceptions. It can be helpful in 
proving that a renal mass is a simple cyst (e.g., in a case of 
suspected CT pseudoenhancement), or in evaluating hemor- 
rhagic or complicated cyst seen on CT or MR imaging. 
Contrast-enhanced US with microbubbles may be helpful in 
evaluating complicated cystic renal masses. 

Several investigators suggested that renal mass biopsy is 
useful in evaluating the indeterminate cystic renal mass. 
Particularly, category II cystic masses require surgery 
whether or not the biopsy specimen is positive or negative for 
malignant cells. However, the biopsy may play a limited role 
because a sample error may be present for the biopsy results, 
a rare potential for needle track spread of tumor can occur, 
and a core biopsy the wall of a cystic lesion can cause it to 
rupture and spill its contents into the surrounding tissues. 

For the risk of malignant potentials, Bosniak category IV 
is approximately 75-90%, III 50%, and IIF 5%. Simple cysts 
of Bosniak category I have been shown to have a negligible 
likelihood of malignancy. 


Autosomal Dominant Polycystic 
Kidney Disease 


Autosomal dominant polycystic kidney disease (ADPKD) is 
a common genetic disorder characterized by innumerable 
bilateral renal cysts involving both the renal cortex and 
medulla. It is a common cause of renal failure and accounts 
for approximately 10-12% of patients receiving hemodialy- 
sis. ADPKD is inherited as autosomal dominant trait. At 
least three genes are involved in ADPKD, and the severity of 
the disease varies from patient to patient. A family history of 
ADPKD can be obtained in only about 60% of cases due to 
spontaneous mutation and variable expressivity. ADPKD is 
often accompanied by cysts in the liver, pancreas, and spleen. 
Other organs that may contain cysts include the uterus, ovary, 
epididymis, seminal vesicle, and thyroid. ADPKD may be 
associated with intracranial aneurysm (3-13% of patients), 
cardiac valvular disease, aortic dissection, and colonic 
diverticulosis. 

The disease process is believed to begin in utero but often 
presents between the third and sixth decades of life. Usually 
after 30 years of age, renal cysts grow and compress renal 
parenchyma, which may eventually lead to chronic renal 
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failure. Most common clinical presentations include abdom- 
inal pain, hematuria, and hypertension. Hypertension occurs 
in 50-75% of the patients. In affected patients, renal stones 
and infection are more common than in the normal popula- 
tion, but the risk of renal cell carcinoma is not increased. 
Most patients with advanced disease are associated with 
renal failure; require renal replacement therapy in 45% of 
patients by 60 years of age. Renal involvement is usually 
symmetrical and bilateral but may be unilateral or partial. 
However, the supposedly normal kidneys in these cases often 
contain microscopic cysts. Renal cyst may rupture into the 
perirenal space. 

Characteristic imaging findings of ADPKD include 
enlarged kidneys with multiple cysts. IVU may demonstrate 
enlarged kidneys with diminished enhancement and splayed 
renal collecting system. Cyst wall calcifications and nephro- 
calcinosis are often seen. On US and CT, numerous cysts of 
variable size are seen. The presence of calcification or hem- 
orrhage can be depicted on nonenhanced CT. Most cysts are 
simple cysts and have low signal intensity on T1-weighted 
images and brightly high signal intensity on T2-weighted 
images, but the signal intensity of complicated cysts affected 
by hemorrhage or infection may be variable. Hemorrhagic 
cysts show high signal intensity on T1-weighted images and 
commonly low signal intensity on T2-weighted images, but 
the T2 signal intensity may be variable, depending on the 
chronicity of the blood products. 

To relieve the symptoms related to the abdominal disten- 
sion, cyst volume should be reduced by several methods such 
as aspiration or sclerotherapy. There is no effective medical 
treatment, but recently, somatostatin analogue might be used 
to reduce cyst volume. Simple aspiration of the cyst is ineffec- 
tive because the fluid reaccumulation in the cyst. Sclerotherapy 
of the renal cysts using various sclerosing agents has been 
reported to be moderately successful. 


Localized Cystic Disease of the Kidney 


Localized cystic disease is a benign condition in which 
multiple simple cysts are either clustered together or scat- 
tered diffusely throughout the kidney or portion of a kid- 
ney. This condition also has been referred to as unilateral 
cystic disease of the kidney, segmental cystic disease and 
unilateral polycystic disease. The pathogenesis of localized 
cystic disease is unknown, but may represent an acquired 
condition. Although the gross and histologic findings are 
identical to those of ADPKD, localized cystic disease does 
not demonstrate genetic inheritance or progress to chronic 
renal failure. Histologically the lesion consists of a nonen- 
capsualted cluster of simple renal cysts; thus, it is possible 
for normal parenchyma to insinuate itself between the adja- 
cent cysts. 
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The differential diagnoses include ADPKD, multilocular 
cystic nephroma, or cystic renal cell carcinoma. US, CT, and 
MR imaging may be helpful for the differentiation. 
Multilocular cystic nephromas or cystic renal cell carcino- 
mas are usually seen as discrete, encapsulated masses and do 
not contain the islands of enhancing parenchyma, whereas 
localized renal cystic disease has intervening normal paren- 
chyma among the adjacent cysts. In contrast to localized cys- 
tic disease, ADPKD is characterized by bilateral involvement 
and it is associated with liver and pancreatic cysts, and cere- 
bral aneurysms. A family history of renal disease may also 
be helpful. 


Autosomal Recessive Polycystic Kidney Disease 


Autosomal recessive polycystic kidney disease (ARPKD) is 
a hereditary disease transmitted by autosomal recessive 
inheritance. It is characterized by dilation of the renal col- 
lecting tubules and varying degree of hepatic fibrosis. The 
affected infants frequently present with renal insufficiency at 
birth and often die within the first few days of life. In older 
children, the hepatic disease is more dominant than renal dis- 
ease and the patients commonly present with portal hyper- 
tension and varices. 

ARPKD may be diagnosed prenatally by US. Prenatal US 
often demonstrates enlarged echogenic kidneys, although 
milder diseases are difficult to detect. Similar findings can be 
seen on postnatal US. Parenchymal echogenicity is increased 
due to multiple acoustic interfaces between multiple cysts 
and cystic walls. Enlarged kidneys usually maintain a reni- 
form shape. With a high-resolution scanner, the kidneys may 
demonstrate tiny cysts within echogenic areas in the cortex 
and medulla and a peripheral sonolucent rim, which may 
represent compressed normal parenchyma or increased cys- 
tic changes in the outer cortex. In older children, the liver 
may show increased echogenicity or bile duct dilation. 

IVU is not commonly used, but the findings include bilat- 
erally enlarged kidneys with faint nephrogram and radiating 
streaks extending from the medulla to the cortex, which is a 
characteristic finding. CT may demonstrate enlarged kidneys 
of striated nephrogram on contrast-enhanced scan. On MR 
imaging, the enlarged kidneys may demonstrate high signal 
intensity on T2-weighted images. 


Medullary Cystic Disease of the Kidney 


Medullary cystic disease is a renal disease characterized by 
renal tubular atrophy and medullary cystic lesions. It can be 
divided into two entities: juvenile and adult forms. The juve- 
nile form is more common, transmitted by an autosomal 
recessive trait, and often associated with ophthalmologic and 
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neurologic abnormalities, skeletal dysplasia, and hepatic 
fibrosis. The adult form is inherited as an autosomal domi- 
nant trait and is not associated with extrarenal abnormalities. 

The kidneys are normal to slightly small and have a 
smooth contour. Histologically, the disease is characterized 
by small cysts within the medulla or at the corticomedullary 
junction, interstitial fibrosis, and glomerular sclerosis. 
Affected patients often present with polyuria, polydipsia, 
anemia, and end-stage renal failure. 

Plain radiography or IVU may demonstrate smoothy con- 
toured normal-sized to small kidneys. US or CT may show a 
characteristic finding of small echogenic kidneys with mul- 
tiple small cysts in the medulla. 


Multicystic Dysplastic Kidney 


Multicystic dysplastic kidney is a nonheritary, developmen- 
tal abnormality characterized by the presence of multiple 
renal cysts and the absence of functioning renal parenchyma 
in the affected kidney. Complete obstruction of the ureters 
during nephrogenesis is thought to be the major cause of 
multicystic dysplastic kidney. 

Multicystic dysplastic kidney is mostly unilateral but may 
be bilateral or segmental. In the classic type, multiple cysts 
do not communicate with each other. However, in the hydro- 
nephrotic type, in which an incomplete obstruction of the 
urinary tract occurs during nephrogenesis, the cysts commu- 
nicate with other cysts or renal pelvis. Clinically, multicystic 
dysplastic kidney often presents as an abnormal mass in 
infancy. The contralateral diseases, such as multicytic dys- 
plastic kidney, vesicoureteral reflux, and ureteropelvic junc- 
tion obstruction have been reported to occur in about 50% of 
the patients. 

Prenatal diagnosis of multicystic dysplastic kidney can be 
made as early as 20 weeks of gestation. Characteristic US 
findings include multiple small, noncommunicating cysts 
and increased parenchymal echogenicity of the kidneys. On 
follow-up examination, the cysts may increase in number 
and size. 

On plain radiographs, the affected kidney is seen as a 
lobulated soft tissue mass with or without cyst wall calcifica- 
tions. IVU may demonstrate no contrast enhancement in the 
kidney. On CT, multiple noncommunicating cysts can be 
clearly identified. There is no parenchymal enhancement on 
contrast-enhanced CT. 


Acquired Cystic Disease of the Kidney 


Acquired cystic renal disease is a nonheritary renal cystic dis- 
ease occurring in patients with chronic renal insufficiency. 
Most commonly it occurs in patients treated with dialysis but 
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may occur in patients with chronic renal insufficiencies who 
do not receive dialysis. Although the pathogenesis of acquired 
cystic renal disease is not fully understood, the duration of 
renal dialysis is strongly related to its occurrence. The preva- 
lence of acquired cystic disease is 10-20% after 1-3 years 
after dialysis, 40-60% after 3-5 years, and more than 90% 
after 5-10 years. The prevalence is similar between the patients 
treated with hemodialysis and those with peritoneal dialysis. 

Acquired cystic renal disease is associated with increased 
incidence of renal cell carcinoma. These tumors commonly 
occur in patients with dialysis, and they are found in younger 
patients than is renal cell carcinoma in the general popula- 
tion.Evaluation with US is often limited, because small and 
echogenic kidneys cannot be differentiated from echogenic 
perinephric fat. Hemorrhage and calcification are frequently 
seen. Any solid mass should be suspected to be renal cell 
carcinoma unless proven otherwise. 

On CT, multiple small cysts with or without hemorrhage 
or calcification are seen in small kidneys. Renal cell carci- 
noma can be suspected when a low-attenuated lesion shows 
contrast enhancement. MR imaging may also help in diag- 
nosing acquired cystic renal disease and renal neoplasms in 
patients with end-stage renal disease. 


Renal Cysts in Von Hippel-Lindau Disease 


Von Hippel-Lindau disease is a hereditary disease transmit- 
ted by autosomal dominant trait. It is characterized by retinal 
angioma, cerebellar or spinal cord hemangioma, renal cell 
carcinoma, islet cell tumor, pheochromocytoma, and papil- 
lary cystadenoma of the epididymis. Renal cysts occur in 
59-63% of patients, and renal cell carcinoma occurs in 
24-45%. However, many of the renal lesions that are thought 
to be cysts on US or CT may represent microscopic foci of 
renal cell carcinoma. Renal tumors are usually multiple and 
bilateral. 

Although US may differentiate renal cell carcinoma from 
cyst, contrast-enhanced CT is best suitable for the diagnosis 
of renal lesions in von Hippel-Lindau disease. MR imaging 
can be used for patients in whom CT is contraindicated. 


Renal Cysts in Tuberous Sclerosis 


Tuberous sclerosis is a hereditary phakomatosis, transmitted 
by autosomal dominant trait. It is characterized by angiofi- 
broma on the face and hamartomas in multiple organs, includ- 
ingthe brain, skin, andkidneys. Inthekidneys, angiomyolipomas 
occur in about 80% of affected patients, and multiple small 
renal cysts are frequently seen. Angiomyolipomas often bleed 
spontaneously, resulting in subcapsular or retroperitoneal 
hematoma. 
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US easily differentiates echogenic angiomyolipomas 
from renal cysts, but itis often difficult to differentiate angio- 
myolipomas from echogenic small renal cell carcinomas 
with US. On CT, the presence of fat confirms the diagnosis 
of angiomyolipoma. However, fat-deficient angiomyolipoma 
may show findings similar to renal cell carcinoma and thus 
cannot be differentiated from it. 


Parapelvic Cyst 


Parapelvic cyst refers to renal cysts that arise from the lym- 
phatic tissues in the renal sinus. It is also called renal sinus 
cyst, peripelvic cyst, or parapelvic lymphangiectasia. They 
are often multiple and bilateral. 

On IVU, renal pelvis and calyces are compressed, and 
calyceal infundibula are bowed and displaced. US demon- 
strates multiple cysts within the renal sinus. Sometimes, 
cysts appear to communicate with each other and thus may 
mimic hydronephrosis. In this circumstance, IVU or con- 
trast-enhanced CT in delayed phase can differentiate multi- 
ple cysts from a dilated pelvocalyceal system. 
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1. Simple Cysts 


Fig. 1.1 Simple cyst in a 68-year-old man. Longitudinal US of the left 
kidney shows a simple uncomplicated renal cyst (arrow). The cyst is 
well-defined and has a thin, smooth wall. Note posterior acoustic 
enhancement (arrowheads) and the absence of internal echoes 


Fig. 1.2 Simple cyst in a 62-year-old woman. (A) Unenhanced CT 
scan shows a round, well-circumscribed, low-attenuated lesion in the 
left kidney. Contrast-enhanced CT scans in corticomedullary (B) and 
nephrographic (C) phases show a large cyst in the left kidney with a 
thin wall and homogeneous internal content 
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Fig. 1.3 Simple cyst in a 61-year-old man. T2-weighted (A) unen- that reveal homogeneous high intensity on T2-weighted image and no 
hanced (B) and contrast-enhanced (C) fat-saturated Tl-weighted enhancement on contrast-enhanced T1-weighted image 
images in coronal plane show a small cyst (arrow) in the right kidney 


Simple cysts in a 68-year-old man. Unenhanced (A) and contrast-enhanced (B) CT scans show a low-attenuated lesion of water attenu- 
ation in each kidney. Note that the cyst wall is very thin and almost imperceptible 
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2. Simple Cysts with Pseudo-thick Wall 
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Fig. 2.1 Benign septated cyst with a pseudo-thick wall in a 53-year- 
old man. (A) Contrast-enhanced CT scan shows thin-walled cyst with 
mild septation (arrow) in the right kidney. Note another simple cyst in 
the anterior aspect of right kidney (arrowhead). (B) Contrast-enhanced 


CT scan at a lower level shows an apparently thick, enhancing wall at 
the periphery of the cyst (arrows). This pseudo-thick wall is due to 
partial volume averaging by normal renal parenchyma surrounding the 
cyst in the cross section 


Illustrations 
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Fig. 2.2 Two simple cysts with a pseudo-thick wall in a 58-year-old 
man. (A) Contrast-enhanced CT scan shows a cyst with a rather thick 
septum in the lower pole of right kidney. This septum (arrows) travers- 
ing the cyst likely represents an area of normal intervening renal tissue 
that demonstrates contrast enhancement similar to the adjacent renal 


Fig. 2.3 Benign cyst with a pseudo-thick wall abutting renal sinus in a 
71-year-old woman. Longitudinal US of the left kidney shows a cyst with 
irregular nodularity of cyst wall (arrowheads) abutting the renal sinus 


parenchyma. On T2-weighted (B) unenhanced (C) and contrast- 
enhanced (D) fat-saturated Tl-weighted images, a septum (arrows) 
traversing the cyst shows the signal intensity equal to the adjacent nor- 
mal renal parenchyma 
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3. Pseudoenhancement of Renal Cyst 


g A small hemorrhagic cyst with pseudoenhancement at CT 
in a 69-year-old woman. (A) Unenhanced CT scan shows a well- 
defined, high-attenuated lesion (100 HU) (arrow) in the left kidney. 
On contrast-enhanced CT scans in corticomedullary (B) and nephro- 
graphic (C) phases, the cystic lesion in the left kidney (arrow) appears 
to have equivocal enhancement suspicious for solid tumor and mea- 
sures 111 and 118 HU on corticomedullary and nephrographic phase, 
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respectively. (D-F) MR images demonstrate an appearance of typical 
hemorrhagic cyst (arrow) with low signal intensity on T2-weighted, 
brightly high signal intensity on unenhanced fat-saturated Tl-weighted, 
and no enhancement on contrast-enhanced fat-saturated T1-weighted 
images. (G) Longitudinal US shows a benign cyst with suspected tiny 
nodules in the peripheral wall (arrow) 
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Fig. 3.1 (continued) 
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4. Hyperdense or Hyperattenuating Cysts 
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Fig. 4.1 
man. (A) Unenhanced CT scan shows a small lesion (arrow) with 
slightly high attenuation in the left kidney. (B and C) On contrast- 
enhanced CT scans in corticomedullary (B) and nephrogenic (C) 
phases, the lesion reveals a small, low-attenuated lesion (arrow) in the 
left kidney, which has slight increase (<15 HU) in the CT attenuation of 


A small hyperdense cyst in the left kidney in a 51-year-old 


the lesion as compared with unenhanced CT. (D) T2-weighted image 
shows a small lesion with intermediate signal intensity in the left kid- 
ney. (E-G) The lesion (arrow) shows bright high signal intensity on 
unenhanced fat-saturated T1-weighted image (E) and no enhancement 
on contrast-enhanced (F) and subtraction (G) fat-saturated T1-weighted 
images 
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Fig. 4.1 (continued) 
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Fig. 4.2 A small hyperdense cyst in the right kidney in a 56-year-old 
man. (A) Unenhanced CT scan shows a small lesion (arrow) with 
slightly high attenuation in the right kidney. (B) On contrast-enhanced 
CT scan, the lesion reveals a small, low-attenuated lesion (arrow) in the 
right kidney, which has slight increase (17 HU) in the CT attenuation of 


the lesion as compared with unenhanced CT. (C-E) Characteristically, 
the lesion demonstrates dark, low-signal intensity on T2-weighted image 
(C) high-signal intensity on unenhanced fat-saturated T1-weighted 
image (D) and no enhancement by relative percentage signal intensity 
change on contrast-enhanced fat-saturated T1-weighted image (E) 
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Fig. 4.3 A large hemorrhagic cyst in the left kidney in a 68-year-old 
man. (A and B) Longitudinal gray scale US (A) shows a large, 
welldefined mass with heterogeneous echoes (arrows) in the left kidney. 
On color Doppler US (B) no increased vascularity is seen within the 
lesion (arrows). (C and D) Unenhanced (C) and contrast-enhanced CT 


(D) scans reveal a cystic lesion (arrows) without contrast enhancement. 
(E-G) The lesion (arrows) demonstrates heterogeneous high-signal 
intensity on T2-weighted image (E), slightly high-signal intensity on 
unenhanced fat-saturated Tl-weighted image (F), and no enhancement 
on contrast-enhanced fat-saturated T1-weighted image (G) 
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J. 4.3 (continued) 
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5. Infected Cysts 


Fig. 5.1 Infected renal cyst in a 59-year-old woman. (A and B) cystic mass. (C) Contrast-enhanced CT scan in coronal plane shows a 
Longitudinal grayscale (A) and color Doppler (B) US show an ovoid cystic mass (arrow) with thickened-wall and slightly increased internal 
cystic mass (arrows) with a slightly thickened wall and low-level inter- attenuation in the right kidney 

nal echoes in the right kidney. No increased vascularity is seen in this 
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Fig. 5.2 Infected renal cyst in a 71-year-old woman. (A and B) (C and D) Unenhanced (C) and contrast-enhanced (D) CT scans show 
Longitudinal gray scale (A) and color Doppler (B) US show an ovoid a well-defined, thick-walled cystic mass (arrow) in the right kidney, 
mass with heterogeneous internal echoes (arrow) in the right kidney. associated with thickening of the lateroconal fascia 
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6. Bosniak Category II Renal Cysts 


Fig. 6.2 Bosniak category II renal cyst in a 65-year-old woman. (A) 
Fig.6.1 Bosniak category II renal cyst in a 52-year-old man. (A and B) Longitudinal US of the right kidney shows several, thin septas (arrows) 
Unenhanced (A) and contrast-enhanced CT (B) scans show a large cyst within an ovoid cystic lesion in the midportion of the right kidney. (B) 


in the left kidney. The cyst contains a hairline thin septa with minimal Contrast-enhanced CT scan in coronal plane shows a cystic lesion of 
enhancement (arrow) water attenuation containing subtle enhancing hairline septa (arrow) 
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Fig. 6.3 Bosniak category II renal cyst in a 68-year-old man. (A and B) Unenhanced (A) and contrast-enhanced CT (B) scans show a thin, calci- 
fied septa within a lobulated cystic lesion (arrow) 


Illustrations 


7. Bosniak Category IIF Renal Cysts 


Fig. 7.1 Bosniak category HF renal cyst in a 45-year-old man. (A) 
Transverse US of the right kidney shows a cyst containing several nodular 
calcifications (arrows). (B and C) Unenhanced (B) and contrast-enhanced 
CT (C) scans reveal a benign cyst with several nodular calcifications 
in the wall (arrows) 
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Fig. 7.2 Bosniak category IF renal cyst in a 48-year-old man. (A-C) 
Unenhanced (A) and contrast-enhanced CT scans in corticomedullary 
(B) and nephrographic (C) phases show a left renal cyst containing 
dense nodular calcification in the anterior wall (arrow) 
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Fig. 7.3 Hyperdense cyst in a 71-year-old man. (A-C) T2-weighted 
image (A) shows about 3.3 cm, heterogeneous low-signal lesion (arrow) 
in the left kidney. Unenhanced fat-saturated T1-weighted image (B) 
reveals high signal intensity within the lesion. Note a dark, nodular 
lesion (arrow) of calcification within the wall of the lesion. There is no 


enhancement within the hyperdense lesion and calcified wall on con- 
trast-enhanced fat-saturated Tl-weighted image (C). (D and E) There 
is a hyperdense lesion with nodular calcification (arrow) on unenhanced 
(D) and contrast-enhanced CT (E) scans. Note no contrast enhance- 
ment within the lesion 
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Fig. 7.4 Hyperdense cyst in a 71-year-old man. (A) Transverse US of the right kidney shows a cyst containing several thin septa (arrows). 
(B) Contrast-enhanced CT scan reveals multiple thin septa with minimal enhancement within the cystic lesion (arrows) 
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8. Bosniak Category III Renal Cysts 


F 3.1 Cystic renal cell carcinoma in a 40-year-old man. (A-C) irregular thickened septae and wall in which measurable enhancement 
Unenhanced (A) and contrast-enhanced CT in transverse (B) and coro- is seen. (D) Gross specimen of the removed left kidney shows multiple 
nal (C) planes show a complicated cystic lesion (arrows) containing irregular thickened septae and wall within the cystic mass (arrows) 
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Fig. 8.2 Multilocular cystic nephroma in a 59-year-old woman. (A-C) subtle contrast enhancement of <20 HU. Tiny calcifications also are 
Unenhanced (A) and contrast-enhanced CT scans in transverse (B) and seen in the thickened wall. (D) Gross specimen of the removed right 
coronal (C) planes show a complicated cystic lesion with thickened kidney shows thickened septa (arrowhead) and wall (arrow) within a 
septa (arrowhead) and wall (arrow) in the right kidney, which have cystic lesion 
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9. Bosniak Category IV Renal Cysts 


Fig. 9.1 Cystic renal cell carcinoma in a 71-year-old man. (A-C) lesion with thickened septae and enhancing solid portion (arrow) in the 
Unenhanced (A) and contrast-enhanced CT scans in corticomedullary right kidney. (D) Gross specimen obtained from the right kidney shows 
(B) and nephrographic (C) phases reveal a small complicated cystic solid portion (arrows) and thickened septae and wall 
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Fig. 9.2 Cystic renal cell carcinoma in a 78-year-old man. (A) lesion in the left kidney, containing irregularly thickened hyperdense 
Longitudinal US of the left kidney shows a large cystic lesion containing wall (arrow). (C) Contrast-enhanced CT scan reveals a cystic lesion 
low-level internal echoes (asterisk) and nodularly thickened low-echoic with irregular enhancing mural nodules (arrows) in the periphery 

wall (arrows). (B) Unenhanced CT scan shows a large, hyperdense 
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10. Bosniak Category Renal Cysts Among CT, US, or MRI 


Fig. 10.1 
T2-weighted (A) and contrast-enhanced fat-saturated T1-weighted (B) 
images show a cystic lesion containing multiple thin septae. The septae 
show enhancement, likely representing a category HF lesion. (C) 
Longitudinal US of the right kidney shows multiple thin septa within 
the cystic lesion, representing a category IHF or III lesion. (D and E) 


Complicated cystic lesion in a 68-year-old woman. (A and B) 


Unenhanced (D) and contrast-enhanced CT (E) scans reveal a cystic 
lesion without internal septa or calcification, which can be characterized 
as category I. A confliction of category between CT and MR imaging or 
US is seen. In this case, the lesion should be considered as category IHF 
rather than I 
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Fig. 10.2 Complicated cystic lesion in a 69-year-old man. (A and B) (C and D) T2-weighted (C) and transverse US (D) of right kidney 
Unenhanced (A) and contrast-enhanced CT (B) scans show a small cys- reveal a cystic lesion with a fine septum (arrow), representing a cate- 
tic lesion (arrow) without calcification, internal septum, or enhancing gory II lesion 

nodule in the right kidney, which likely represents a category I lesion. 
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11. Bosniak Classification: Contrast-Enhanced US 


Fig. 11.1 Complicated cystic lesion in a 65-year-old man. (A) Contrast- 
enhanced CT scan shows a cystic lesion containing subtle enhancing 
septae (arrows), likely representing a category II lesion. (B) As com- 
pared with (A), transverse image of contrast-enhanced US using 
microbubbles demonstrates more septa within the lesion, likely repre- 
senting a category II or IF lesion 


Fig. 11.2 Complicated cystic lesion in a 58-year-old woman. (A) 
Contrast-enhanced CT scan shows a complicated cystic lesion contain- 
ing multiple, irregular thickened, enhancing septae or enhancing solid 
areas (arrows), which can be classified as a category III or IV lesion. 
(B) Transverse image of contrast-enhanced US demonstrates well- 
enhancing solid portions (arrow) and septae within the lesion, repre- 
senting a category IV lesion. The degree of enhancement in the solid 
portions and septae is comparable to that of normal renal parenchyma 
(asterisk) 
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12. Autosomal Dominant Polycystic Kidney Disease 


Fig. 12.2 Autosomal dominant polycystic kidney disease in a 58-year- 
old man. Longitudinal US of the left kidney demonstrates multiple, 
variable-sized cysts 


Fig. 12.1 Autosomal dominant polycystic kidney disease in a 56-year- 
old man. (A) Contrast-enhanced CT scan shows marked enlargement of 
both kidneys with variable-sized cysts occupying the entire kidney. 
Note the lack of normal-functioning renal parenchyma. (B and C) 
T2-weighted (B) and unenhanced T1-weighted (C) images demonstrate 
variable-sized cysts with variable contents within the cysts, mainly 
hemorrhage 
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13. Autosomal Dominant Polycystic Kidney Disease with Hemorrhage 


Fig. 13.1 Autosomal dominant polycystic kidney disease with intrac- 
ystic hemorrhage in a 39-year-old man. (A) Unenhanced CT scan shows 
marked enlargement of both kidneys with innumerable variable-sized 
cysts. Note multiple high-attenuated cysts, which represent hemor- 
rhagic cysts (arrows). (B) Contrast-enhanced CT scan reveals enhanc- 
ing, intervening renal parenchyma 


Fig. 13.2 Autosomal dominant polycystic kidney disease with active 
bleeding in a 57-year-old man. (A and B) Unenhanced CT (A) and 
contrast-enhanced CT (B) scans reveal enlargement of both kidneys 
with innumerable variable-sized cysts. Note a hemorrhagic cyst (C) in 
the left kidney, which has ruptured, leading to perirenal hematoma 
(asterisks). (C) Renal angiogram demonstrates a leak of contrast mate- 
rial (arrow), suggesting active bleeding 
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14. Autosomal Dominant Polycystic Kidney Disease with Infection 


Fig. 14.1 Autosomal dominant polycystic kidney disease with cyst enlarged kidneys. Note a thick-wall cyst (asterisk) in the right kidney, 
infection in a 48-year-old woman. (A and B) Unenhanced (A) and con- which was confirmed as an infected cyst at aspiration 
trast-enhanced CT (B) scans show multiple, variable-sized, cysts in both 


328 


6 Renal Cysts and Cystic Diseases 


15. Autosomal Dominant Polycystic Kidney Disease: Associated Lesions 


Fig. 15.1 Autosomal dominant polycystic kidney disease associ- 
ated with multiple hepatic cysts and a renal stone in a 45-year-old 
man. (A and B) Contrast enhanced CT scans show multiple hepatic 
cysts and a calyceal stone in right kidney (arrow in B) 


Fig. 15.2 Cerebral aneurysm in a 57-year-old man with autosomal 
dominant polycystic kidney disease. Cerebral CT angiogram shows a 
fusiform aneurysm in the left distal intracranial artery and left proximal 
M1 segment (arrows) 


Fig. 15.3 Dilatation of seminal vesicles in a 27-year-old man with 
autosomal dominant polycystic kidney disease. (A) Contrast-enhanced 
CT scan shows multiple variable-sized cysts in both kidneys. (B) 
Contrast-enhanced CT scan at the level of the pelvis reveals dilated 
seminal vesicles (arrows) 


Illustrations 
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Fig. 15.4 Angiomyolipoma occurring in a 66-year-old woman with 
autosomal dominant polycystic kidney disease. (A and B) Unenhanced 
(A) and contrast-enhanced CT (B) scans show enlargement of both kid- 
neys with innumerable variable-sized cysts. Note that an enhancing 
solid mass (arrow) in the lower pole of left kidney does not show 


definite fatty component within the mass, suspicious for renal cell 
carcinoma. (C) Gross specimen from the removed left kidney shows a 
well-defined, solid mass (arrows) in the lower pole of left kidney, which 
was confirmed as an angiomyolipoma. Note multiple cysts in the 
removed kidney 
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16. Localized Cystic Disease 


Fig. 16.2 Localized cystic disease in a 57-year-old man. Contrast- 
enhanced CT scan in coronal plane shows a cluster of the cysts in the 
upper pole and midportion of left kidney. There is no evidence of renal 
cysts in the lower pole of the left kidney. Note well-enhancing interven- 
ing normal renal parenchyma (arrows) 


Fig. 16.1 Localized cystic disease in a 28-year-old woman without 
family history of polycystic kidney disease. (A and B) Contrast- 
enhanced CT scans in transverse (A) and coronal (B) planes demon- 
strate large right kidney with multiple, variable-sized cysts and 
well-enhancing renal parenchyma (arrows) among the cysts. Note no 
cystic lesions in the left kidney 


Illustrations 331 


17. Medullary Cystic Disease 


Fig. 17.1 Medullary cystic disease in a 36-year-old woman. (A) reveals multiple cysts located in the medullary regions in both kidneys. 
Longitudinal US of the right kidney shows several cysts in the medul- The patients had proteinuria and hematuria for a long period 
lary regions of both kidneys. (B) Fat-saturated T2-weighted image 


332 6 Renal Cysts and Cystic Diseases 


18. Multicystic Dysplastic Kidney 


Fig. 18.1 Multicystic dysplastic kidney of hydronephrotic type in a 

63-year-old man. (A and B) Longitudinal US (A) and contrast-enhanced 

CT scan (B) show marked dilated pelvocalyces of the left kidney with- Fig. 18.2 Multicystic dysplastic kidney detected at prenatal US in a 

out identifiable remnant renal parenchyma 24-week fetus. (A and B) Longitudinal US (A) and T2-weighted image 
of fetal MR imaging (B) show large fetal right kidney that contain mul- 
tiple, variable-sized, noncommunicating cysts. The contralateral kidney 
was normal 
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19. Acquired Cystic Disease 


Fig. 19.1 Acquired cystic disease in a 44-year-old woman with chronic 
renal failure. Longitudinal US shows a small right kidney with increased 


parenchymal echogenicity. Note multiple variable-sized cysts Fig. 19.2 Acquired cystic disease in a 60-year-old woman with chronic 


renal failure. Contrast-enhanced CT in coronal plane shows shrunken 
both kidneys with multiple, variable-sized cysts 


Fig. 19.3 Acquired cystic disease with chronic renal failure and renal 
cell carcinoma in a 49-year-old man. (A and B) Unenhanced (A) and 
contrast-enhanced CT (B) scans show a well-defined, solid mass (arrows) 
with mild homogeneous enhancement in the upper pole of the left 
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kidney. Note innumerable cysts in both kidneys. (C) Gross specimen of 
the removed left kidney shows a well-defined, yellow-tan, solid mass 
(arrows), which was confirmed as renal cell carcinoma (papillary type) 


Illustrations 


20. Parapelvic Cysts 
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20.1 Multiple parapelvic cysts in a 57-year-old man. (A) 
Longitudinal US of the left kidney shows several ovoid or tubular, 
anechoic lesions (arrow) within the renal sinus, which may mimic 
dilated renal collecting system. (B) Contrast-enhanced CT scan shows 


multiple ovoid non-communicating cystic lesions (arrows). These 
lesions surround the pelvocalyces in both kidneys. (C) Maximal 
intensity projection image of CT urography shows splaying of the renal 
calyces with elongation of the infundibula in both kidneys 


Pediatric Renal Masses 


Introduction 


Woo Sun Kim 


Renal masses are the most common abdominal masses 
encountered in childhood. Conditions that present as pediat- 
ric renal masses include developmental anomalies, cystic 
renal diseases, and primary renal neoplasms. 

The most common renal mass detected in the neonatal 
period is hydronephrosis, although multicystic dysplastic 
kidney is the most common in the first day of life. Many of 
neonatal renal masses are now found antenatally by ultra- 
sonography (US). 

Wilms’ tumor is by far the most common renal neoplasm 
in children. Other less common tumors include clear cell sar- 
coma, rhabdoid tumor, multilocular cystic renal tumor, meso- 
blastic nephroma, renal cell carcinoma, and lymphoma. 
Mesoblastic nephroma is the most common renal neoplasm 
in the first year of life. 

Because hydronephrosis and cystic renal diseases are the 
major causes of pediatric abdominal or renal masses, US is 
the most appropriate and cost-effective initial radiological 
study. Computed tomography (CT) has played an important 
role in further characterization, staging, and follow-up of 
children with solid renal masses. Because infants and chil- 
dren have higher radiation sensitivity than adults, age- and 
weight-adapted pediatric protocols should be used for CT 
examination. The use of magnetic resonance (MR) imaging 
for pediatric renal masses is constantly increasing. Without 
radiation hazard, MR urography provides excellent anatomi- 
cal and functional information for assessing hydronephrosis 
or congenital renal disease. MR imaging is excellent for 
assessment of renal tumors and mass-like lesions. The incon- 
venience of MR imaging is that it usually requires sedation 
in young children or infants. 
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Hydronephrosis 


Hydronephrosis can result from urinary tract obstruction or 
vesicoureteral reflux. In the evaluation of hydronephrosis, 
intravenous urography (IVU) with delayed imaging has been 
replaced by US in most cases. With US, we can easily deter- 
mine whether a renal mass is a hydronephrotic kidney or a 
solid mass and can be informed further of the degree and 
extent of urinary tract dilatation. For the evaluation of patients 
with renal duplication, [VU is still sometimes useful, although 
US, nuclear medicine, and MR urography offer sufficient 
anatomical and functional information in most cases. 

Once hydronephrosis is detected by US, renal scintigra- 
phy by using diethylene triamine pentaacetic acid (DTPA) or 
mercaptoacetyltriglycine (MAG3) with wash-out phase scan 
after administration of diuretics is performed to identify 
obstruction, to confirm the degree and level of obstruction, 
and to determine remaining renal function. Voiding cystoure- 
thrography (VCU) is also performed to exclude vesicoureteral 
reflux and bladder outlet obstruction such as are seen with 
the posterior urethral valve. MR urography provides anatom- 
ical and functional information simultaneously. T2-weighted 
MR sequences can show anatomical information of urinary 
tract structures. Dynamic MR urography after intravenous 
administration of gadolinium and diuretic stimulation with 
furosemide can provide functional information. MR angiog- 
raphy can depict major vessels including renal vessel, which 
can be useful for evaluation of the presence of a crossing 
renal vessel in ureteropelvic junction obstruction. 

The most common cause of obstructive hydronephrosis in 
children is ureteropelvic junction obstruction of variable 
degree that may be due to intrinsic abnormality of the wall of 
the ureteropelvic junction or to extrinsic compression by a 
crossing blood vessel. Anomalies of the contralateral kidney 
are present in up to 30% of these patients including bilateral 
ureteropelvic junction obstruction in 18% of cases. Other 
causes of hydronephrosis that may be presented as renal 
masses include ureterovesical junction obstruction, massive 
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vesicoureteral reflux, ectopic ureterocele of upper moiety 
ureter in duplex system, posterior urethral valve, and prune 
belly syndrome. In these diseases, the ureter is also dilated. 


Multicystic Dysplastic Kidney 


Multicystic dysplastic kidney is the most common abdomi- 
nal mass in the neonatal period and is a type 2 cystic disease 
of the kidney according to the Potter’s classification. It is 
believed to be secondary to severe obstruction of the upper 
urinary tract occurring during the early stage of intrauterine 
development. Pelvoinfundibular atresia or atresia of the ure- 
ter is a common cause of the obstruction. 

Histologically, the multicystic dysplastic kidney consists 
of multiple, noncommunicating cysts of variable size, and 
intervening primitive dysplastic element. Less commonly, 
multicystic dysplastic kidney of hydronephrotic type can 
also be found. The involved kidney typically has no renal 
function and the contralateral kidney shows compensatory 
hypertrophy. Unilateral involvement is usual, and bilaterality 
results in increased fetal death or severe oligohydramnios, 
causing lethal pulmonary hypoplasia. Segmental involve- 
ment of the kidney can be detected less frequently. It is more 
common in boys and the involvement of the left kidney is 
more common. Abnormalities of the contralateral kidney are 
frequently found with quite different incidence among 
reports. Vesicoureteral reflux of the contralateral kidney also 
occurs more frequently than in the general population. 

US findings are mostly diagnostic. A typical case shows a 
large kidney composed of cysts of varying size that are dis- 
tributed randomly with intervening echogenic portion of dys- 
plastic element. In many patients, however, the involved 
kidney is not enlarged and rather atrophic. US follow-up of 
patients shows that cysts of the affected kidney usually regress 
but can be stable or enlarged. In some patients, involved kid- 
neys cannot be demonstrated eventually on follow-up US. 


Autosomal Recessive Polycystic Kidney Disease 


Autosomal recessive polycystic kidney disease (ARPKD), 
also known as infantile polycystic kidney disease (Potter’s 
type 1) is the most common heritable disease among all of 
the cystic renal diseases manifesting in infancy and child- 
hood. Recently, cystic renal diseases are thought to be in the 
spectrum of the hepatorenal fibrocystic diseases. ARPKD 
affects the kidney and liver, and the severity of abnormali- 
ties of each organ is inversely proportional: patients with 
severe renal disease have milder hepatic involvement and 
those with severe liver disease usually have milder renal 
involvement. Although renal disease is a major problem in 
infancy, congenital hepatic fibrosis and associated portal 
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hypertension and variceal bleeding are major problems in 
the juvenile period. Patients who present immediately after 
birth with markedly enlarged kidneys often have a poor 
prognosis due to renal failure or respiratory distress second- 
ary to bilateral pulmonary hypoplasia resulting from oligo- 
hydramnios in fetal life. Pathologically, the renal lesion is 
characterized by varying degrees of nonobstructive dilata- 
tion of the collecting tubules. The liver lesion consists of 
periportal fibrosis accompanying the malformed and dilated 
bile ducts. Less commonly, Caroli disease (nonobstructive 
dilatation of intrahepatic bile ducts) or choledochal cyst can 
be associated. 

At US, both kidneys are large and of increased echogenic- 
ity, with no or poor corticomedullary differentiation. 
Increased echogenicity is thought to be due to the numerous 
acoustic interfaces between the dilated tubules in the cortex 
and medulla. With a high-frequency transducer, some of the 
dilated collecting tubules of radiating pattern can be demon- 
strated. Small cysts that tend to become larger and more 
numerous over time can also be found in many patients. In 
some patients, a thin hypoechoic rim at the periphery is seen 
on US. There are controversies with regard to the pathologic 
basis of this US finding. It is generally thought that this find- 
ing is due to residual compressed renal parenchyma. In 
patients with mild renal involvement, kidneys are not 
enlarged and increased renal echogenicity is usually confined 
to the medulla. 

Delayed nephrogram or poor opacification of the kidneys 
is seen on IVU and contrast-enhanced CT. Although IVU is 
no longer recommended, CT or MR imaging is performed in 
some patients mainly for further characterization of liver dis- 
ease and for evaluation of variceal veins and spleen size. On 
both studies, contrast pooling in ectatic tubules produced a 
radially arrayed, striated nephrogram that usually persists for 
hours or even days. Fine calcification that is best seen on 
nonenhanced CT are commonly found in older children and 
they show a radiating pattern in some cases. 


Wilms’ Tumor 
Epidemiology 


Wilms’ tumor is the most common pediatric abdominal 
malignancy, although it is less common than neuroblas- 
toma in infants. It is the most common renal malignancy 
of childhood accounting for 87% of all renal neoplasms 
in children. Its peak incidence is at 3-4 years of age, and 
approximately 80% of patients present before 5 years of 
age. It is rare in neonates and young infants. Approximately 
15% of cases have an associated syndrome or renal anom- 
alies. There is an increased incidence of Wilms’ tumor 
in children with nephroblastomatosis, hemihypertrophy, 
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sporadic aniridia, Beckwith-Wiedemann syndrome, Drash 
syndrome (male pseudohermaphroditism, progressive glo- 
merulonephritis, and Wilms’ tumor), WAGR syndrome 
(Wilms” tumor, aniridia, genitourinary anomalies, and men- 
tal retardation), chromosome abnormalities, and genitouri- 
nary anomalies such as cryptorchidism, hypospadia, and 
horseshoe kidney. 

Wilms” tumor is bilateral in 4-13% of cases. Although 
most bilateral tumors occur synchronously, metachronous 
tumors do occur. Bilateral tumors are correlated with a 
higher incidence of nephroblastomatosis, a higher inci- 
dence of associated congenital anomalies or syndromes, 
and an earlier presentation than seen in unilateral Wilms” 
tumor. 


Histopathology 


Wilms” tumor, also known as nephroblastoma, is a malignant 
embryonal tumor of the renal origin. Wilms” tumor usually 
arises from primitive metanephric blastema within the renal 
cortex. Rare extrarenal variants may occur from extrarenal 
metanephric rests and most commonly present in the retro- 
peritoneum. A classic Wilms’ tumor has a triphasic histology: 
it contains variable amount of blastemal, stromal, and epithe- 
lial cell lines. Fat, which can be found in Wilms’ tumor, can 
be differentiated from the stromal elements. The term tera- 
toid Wilms’ tumor may be applied if there is differentiation 
along tissue lines not normally found in the kidney, such as 
bone, cartilage, and muscle. The prognosis and response to 
chemotherapy of Wilms’ tumor are dependent upon the pres- 
ence of anaplasia. According to the presence of anaplastic 
component, Wilms’ tumors are classified into favorable and 
unfavorable histology. Approximately 90% of Wilms’ tumors 
demonstrate favorable histopathologic findings. Anaplastic 
Wilms’ tumors tend to occur in older age group and are asso- 
ciated with an increased prevalence of lymph node metastases 
at the time of diagnosis. 

Wilms’ tumor manifests as a solid intrarenal mass with a 
pseudocapsule. The renal parenchyma and collecting system 
are distorted by the tumor. Hemorrhage and necrosis are 
common and contribute to cystic degeneration. The tumor 
spreads in various ways. Wilms’ tumor may extend into con- 
tiguous vascular structures. Extension into the ipsilateral 
renal vein is frequent. Propagation of tumor thrombus into 
the inferior vena cava has been reported in about 4% of 
Wilms’ tumor. Tumor thrombus extends into the right atrium 
in about 20% of patients with caval involvement. Direct 
extension into the adjacent organs can occur following cap- 
sular invasion. Rarely, the tumor may extend into the collect- 
ing system in botryoid fashion. Metastases are most 
commonly found in the lungs and regional lymph nodes. 
More than 10% of patients have lung metastases at the time 
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of diagnosis. Pleural or liver metastases occur but less 
frequently. Bone metastases are rare. 


Clinical Features 


Children with Wilms’ tumor most often present with a palpa- 
ble abdominal mass. Some patients present with tumor bleed- 
ing after minor trauma. Less than 30% have abdominal pain. 
Hematuria or hypertension is not uncommon. Hypertension 
may be due to renin production by the tumor or vascular com- 
pressions. The prognosis of Wilms’ tumor is generally good. 
Cure rates are based on histologic features and tumor stage at 
the time of diagnosis. Recently, the rates have improved to 
90% or higher. 


Imaging 


US evaluation of Wilms’ tumor demonstrates a large, well- 
demarcated mass with heterogeneous echogenicity. The 
tumor-kidney interface is usually sharply defined by pseudo- 
capsule or compressed renal parenchyma. Hypoechoic or 
cystic lesion may be tumor necrosis, deposit of mucin, or 
trapped calyces. Fat or calcification may contribute to the 
hyperechoic areas within the mass. The renal vein and infe- 
rior vena cava should be examined to exclude tumor exten- 
sion, because their presence may change therapeutic approach. 
The contralateral kidney must be observed carefully for syn- 
chronous tumor or accompanied congenital anomalies. US is 
considered not sufficient for detection of small synchronous 
tumor or nephrogenic rests in the ipsilateral or contralateral 
kidney. For screening of Wilms’ tumor in children at high risk 
for developing Wilms’ tumor, initial CT followed by serial 
US may be appropriate. Screening protocols vary from insti- 
tution to institution. 

CT has been the most important imaging study for the 
diagnosis and follow-up of Wilms’ tumor patients. Wilms’ 
tumor is seen as a large, well-defined mass of heterogeneous 
attenuation on CT. The tumor is usually well circumscribed, 
and a beak or claw of renal tissue may extend partly around 
the mass, helping confirm its renal origin. Areas of low atten- 
uation coincide with tumor necrosis or fat deposition. 
Calcifications may be identified on nonenhanced CT in 
approximately 15% of cases. When the tumor is predomi- 
nantly cystic (so-called cystic Wilms’ tumor), it may be dif- 
ficult to differentiate it from multilocular cystic renal tumor. 
Intravenous administration of contrast material is mandatory 
to detect tumor extension into the renal vein or inferior vena 
cava, contralateral and ipsilateral synchronous tumor and/or 
associated nephrogenic rests, tumor extension into the adja- 
cent perirenal fat, and retroperitoneal lymph node or hepatic 
metastases. Wilms’ tumor does not encase the aorta, whereas 
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the encasement is characteristic in neuroblastoma. With 
continuation of CT scan up to the chest, lung metastases 
from the tumor, which are frequently invisible on chest radi- 
ography, can be identified. CT is also the imaging modality 
of choice for evaluation of patients with postoperative Wilms” 
tumor. Because most relapses occur within the abdomen and 
chest, follow-up CT of the abdomen and chest is performed. 

Recently MR imaging has gained great importance in 
imaging of Wilms” tumor. MR imaging can be useful in 
assessment of caval patency and multifocal diseases, in 
which multiplanar imaging is more helpful. With MR imag- 
ing, lung metastases cannot be evaluated. 


Nephroblastomatosis 


Nephroblastomatosis is defined as the presence of multifocal 
or diffuse nephrogenic rests in the renal cortex. Nephrogenic 
rests are foci of metanephric blastema that persist beyond 
36 weeks of gestation and have the potential for malignant 
transformation into Wilms’ tumor. They are found inciden- 
tally in 1% of infants. They has been identified in approxi- 
mately 30-40% of Wilms” tumors, and they are found in up 
to 99% of bilateral Wilms” tumors. Nephrogenic rests can be 
classified into perilobar and intralobar types on the basis of 
location of lesions within the kidneys and the associated syn- 
dromes. Although the two types are different in incidence 
and rate of association with Wilms’ tumor development, they 
cannot be differentiated by imaging studies. 

Imaging studies can detect only macroscopic neph- 
rogenic rests. Contrast-enhanced CT scan demonstrates 
poorly enhancing cortical nodules in cases of multifo- 
cal nephroblastomatosis. In diffuse (infantile) nephro- 
blastomatosis, both kidneys are usually enlarged, with 
distortion of the calyces by thick, peripheral rind of 
abnormal tissue. At MR imaging, the nodules of multifo- 
cal nephroblastomatosis have low signal intensity on both 
Tl-weighted and T2-weighted images, although hyper- 
plastic nephrogenic rests can be iso- or slightly hyper- 
intense on T2-weighted images. Nephroblastomatosis is 
far better delineated on contrast-enhanced T1-weighted 
MR images than on nonenhanced images. Bilateral neph- 
roblastomatosis can be more reliably visualized by MR 
imaging than by US or CT. Foci of nephroblastomatosis 
starting from a size of 4 mm in diameter can be visualized 
by MR imaging. At US, diffuse nephroblastomatosis is 
seen as enlarged kidneys with diffusely decreased echo- 
genicity. US can demonstrate hypoechoic nodules but 
lacks the sensitivity of CT and MR imaging, especially 
in cases with lesions smaller than 1 cm. It is difficult to 
differentiate macroscopic nephrogenic rests from small 
Wilms’ tumor by imaging studies. Although nodules of 
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nephroblastomatosis are small (usually <2 cm), the size 
of the lesions is not a reliable criterion in the differentiation. 
Nephrogenic rests are seen as homogeneous nodules at 
US, CT, or MR imaging, whereas Wilms’ tumors are 
generally heterogeneous. 


Clear Cell Sarcoma 


Clear cell sarcoma, which was considered a highly aggressive 
variant of Wilms’ tumor, is now recognized as a distinct 
entity. It has also been termed bone metastasizing renal tumor 
of childhood. It constitutes 4% of all childhood renal neo- 
plasms and has a male predilection. It has a worse prognosis 
than Wilms’ tumor and its peak incidence is similar or slightly 
younger age group than that of Wilms’ tumor. This entity has 
not been reported in association with nephroblastomatosis or 
somatic abnormalities such as sporadic aniridia or hemihy- 
pertrophy, which has strong associations with Wilms’ tumor. 

Clear cell sarcoma has no specific imaging features that can 
reliably distinguish it from Wilms’ tumor. It is usually seen as 
a solid mass with varying areas of cystic necrosis. Calcification 
within the mass can be found in 25% of cases. Vascular inva- 
sion is not common. Because the incidence of skeletal metas- 
tases is high, periodic skeletal surveys and bone scan are 
recommended. Involvement of skull is the most common. The 
bone metastases usually occur after initial presentation. It can 
also metastasize to the lungs, lymph nodes, brain, liver, and 
soft tissue, such as periorbital fat or skeletal muscle. 


Rhabdoid Tumor 


Rhabdoid tumor of the kidney, which is the most aggressive 
renal neoplasm in children, accounts for 2-3% of all renal 
neoplasms. It commonly presents in infancy (~60%) and 
may be detected prenatally. It carries a poor prognosis and 
many patients have metastases at presentation. Rhabdoid 
tumor is unique among other renal tumors in children in its 
significant association with the synchronous or metachro- 
nous development of primary brain tumors of mostly poste- 
rior fossa origin, including medulloblastoma, ependymoma, 
glioma and primitive neuroectodermal tumor. It also com- 
monly metastasizes to the brain. 

By imaging studies, it cannot be reliably differentiated 
from Wilms’ tumor in most cases. However, subcapsular fluid 
collection or hematoma, lobulated surface of the tumor, and 
calcifications outlining tumor lobules can be seen in typical 
instances. The masses are usually large at presentation and fre- 
quently central in location involving the renal hilum. Invasion 
into the renal vein is common. It frequently metastasize to the 
retroperitoneal lymph nodes, lung, liver, brain, and bone. 


Introduction 
Congenital Mesoblastic Nephroma 


Congenital mesoblastic nephroma is the most common solid 
renal tumor in the neonatal period or early infancy. A mean 
age at presentation is approximately 3 months. It is the most 
common fetal renal neoplasm, which is usually associated 
with maternal polyhydramnios. It is a hamartomatous tumor 
due to proliferation of early nephrogenic mesenchyma and it 
has also been called fetal renal mesenchymal hamartoma. 
Although it is generally considered a benign lesion, it has 
some malignant potential. Metastatic diseases to the lungs or 
brain and local recurrence after nephrectomy have been 
reported rarely. 

Pathologically, the tumor is solid and unencapsulated. 
Spindle cells and connective tissue tend to infiltrate between 
the intact nephrons and entrap them. Histology varies from a 
benign to a more hypercellular, aggressive variant. Tumor 
necrosis is uncommon except with the aggressive variant. It 
may invade perinephric space but does not infiltrate the vascu- 
lar pedicle. 

The imaging features of mesoblastic nephroma are 
indistinguishable from those of Wilms’ tumor in most 
instances. On US examination of a typical case, the lesion 
is a large solid renal mass. The mass shows variable echoes 
or may be hypoechoic. Alternating concentric hypoechoic 
and hyperechoic rings (ring sign) are described in some 
cases. On CT, some contrast material may occasionally 
be seen within the tumor due to functioning nephrons 
or urine, which is interspersed with neoplastic tissue or 
entrapped within the mass. In larger lesions, areas of low 
attenuation representing necrosis or hemorrhage can be 
seen and they may indicate more aggressive potential. 
Calcifications or foci of fatty tissue within the tumor are 
rarely seen. 


Renal Cell Carcinoma 


Renal cell carcinoma is rare in children and it represents a small 
percentage (2.3-6.6%) of all renal neoplasms in the childhood. 
The average age at presentation of 9-11 years is considerably 
older than those of children with Wilms’ tumor. The associa- 
tion of renal cell carcinoma with von Hippel—Lindau disease, 
tuberous sclerosis, and Beckwith-Wiedemann syndrome has 
been reported in children. Compared with Wilms’ tumor, this 
tumor is more likely to metastasize to bone. 

By imaging studies, renal cell carcinoma in children can- 
not be distinguished from Wilms’ tumor. It tends to be 
smaller than Wilms’ tumor at presentation. Calcifications are 
seen within the tumors in 25% of patients and they tend to be 
denser than those in Wilms’ tumor. Intravascular extension is 
frequent as in adult patients. 
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Multilocular Cystic Renal Tumor 


The term multilocular cystic renal tumor refers to two types 
of generally benign cystic tumors: cystic nephroma and 
cystic partially differentiated nephroblastoma. These are 
well-encapsulated lesions consisting of multiple, noncom- 
municating cysts and septa. Two types of multilocular cys- 
tic renal tumor are indistinguishable on gross examination. 
The difference between two entities is that septa of cystic 
partially differentiated nephroblastoma contain foci of blast- 
emal cells whereas those of cystic nephroma do not. These 
two can be differentiated from cystic Wilms’ tumor by the 
absence of expansile solid portions of nephroblastomatous 
tissue within the tumor. Although these tumors follow a gen- 
erally benign course, local recurrences may occur rarely. The 
relationship between these two entities and Wilms’ tumor 
has been controversial. 

Multilocular cystic renal tumor usually presents as an 
asymptomatic mass. It tends to manifest at two age incidence 
peaks: in children aged 3 months to 4 years with a male pre- 
dilection and in adults with a female predilection. 

Two entities are indistinguishable on the basis of imaging 
features. Imaging studies demonstrate a well-circumscribed 
mass consisting of multiple cysts from several millimeters to 
a few centimeters in diameter. Septa can be enhanced vari- 
ably on CT or MR imaging after contrast enhancement. In 
some cases, the cystic spaces may quite small, resulting in 
the appearance of a solid mass, which is usually expected as 
an imaging finding of cystic Wilms’ tumor. Variable signal 
intensity of cyst contents can be seen on T1-weighted MR 
images. Because cystic partially differentiated nephroblas- 
toma may demonstrate behavior with a potential for recur- 
rence following resection and it is not always reliably 
differentiated from Wilms’ tumor by imaging studies, the 
treatment of multilocular cystic renal tumor is complete sur- 
gical resection. 


Lymphoma and Leukemia 


Lymphoma commonly involves the kidneys secondarily 
from hematogenous metastases or direct retroperitoneal 
extension. However, lymphoma confined to the kidneys has 
been reported rarely, although the kidneys contain no lym- 
phoid tissue. In children, non-Hodgkin’s lymphoma, espe- 
cially Burkitt lymphoma, involves the kidneys more 
commonly than dose Hodgkin’s lymphoma. Renal lym- 
phoma is usually silent until late in the disease. The most 
common imaging finding is multiple, bilateral, parenchymal 
nodules. US usually shows hypoechoic nodules with 
increased “through” transmission. Nodules are usually low 
attenuated on CT scans both before and after contrast 
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enhancement. Direct invasion from contiguous retroperitoneal 
mass can also occur. In cases of diffuse infiltration, the kidneys 
are diffusely enlarged and excretion of contrast material is 
diminished. Renal failure may be induced on initiation of 
chemotherapy due to uric acid nephropathy. The presence of 
associated findings such as lymph node enlargement, hepa- 
tosplenomegaly, or other organ involvement can be helpful 
for imaging diagnosis. 

Although leukemia is the most common malignancy in 
the childhood, gross renal involvement is uncommonly 
encountered. Leukemic involvement of the kidneys is more 
common with lymphocytic leukemia than acute myeloge- 
nous leukemia. Renal leukemic involvement can present a 
variety of imaging findings. Focal renal abnormalities as 
well as nephromegaly are frequently seen. Multiple bilateral 
low-attenuation masses or areas of wedge-shaped and geo- 
graphic low attenuation are common CT findings. In patients 
with diffuse renal involvement, the kidneys are symmetri- 
cally enlarged, calyceal architecture is distorted, and corti- 
comedullary differentiation is lost or decreased. 


Suggested Reading 


Agrons GA, Wagner BJ, Davidson AJ, et al. Multilocular cystic renal 
tumor in children: radiologic-pathologic correlation. Radiographics. 
1995;15:653-69. 

Agrons GA, Kingsman KD, Wagner BJ, et al. Rhabdoid tumor of the 
kidney in children: a comparative study of 21 cases. AJR Am 
J Roentgenol. 1997;168:447-51. 

Andrews PE, Kelalis PP, Haase GM. Extrarenal Wilms’ tumor: results 
of the National Wilms Tumor Study. J Pediatr Surg. 1992;27: 
11814. 

Beckwith JB, Kiviat NB, Bonadio JF. Nephrogenic rests, nephroblasto- 
matosis and the pathogenesis of Wilms” tumor. Pediatr Pathol. 1990; 
10:1-36. 

Broecker B. Renal cell carcinoma in children. Urology. 1991;38:54-6. 

Chepuri NB, Strouse PJ, Yanik GA. CT of renal lymphoma in children. 
AJR Am J Roentgenol. 2003;180:429-31. 

Chung CJ, Lorenzo R, Rayder S, et al. Rhabdoid tumors of the kid- 
ney in children: CT findings. AJR Am J Roentgenol. 1995;164: 
697-700. 

Currarino G, Stannard MW, Rutledge JC. The sonolucent cortical rim 
in infantile polycystic kidneys: histologic correlation. J Ultrasound 
Med. 1989;8:5714. 


7 Pediatric Renal Masses 


Fernbach SK, Feinstein KA. Renal tumors in children. Semin Roentgenol. 
1995;30:200-17. 

Geller E, Smergel EM, Lowry PA. Renal neoplasms of childhood. 
Radiol Clin North Am. 1997;35:1391-413. 

Glass RBJ, Davidson AJ, Fernbach SK. Clear cell sarcoma of the kidney: 
CT, sonographic and pathologic correlation. Radiology. 1991;180: 
715-7. 

Green DM, Breslow NE, Beckwith JB, et al. Screening of children with 
hemihypertrophy, aniridia, and Beckwith-Wiedemann syndrome in 
patients Wilms’ tumor: a report from the National Wilms’ Tumor 
Study. Med Pediatr Oncol. 1993;21:195-207. 

Gylys-Morin V, Hoffer FA, Kozakewich H, et al. Wilms’ tumor and 
nephroblastomatosis: imaging characteristics at gadolinium- 
enhanced MR imaging. Radiology. 1993;188:517-21. 

Han TI, Kim MJ, Yoon HK, et al. Rhabdoid tumour of the kidney: 
imaging findings. Pediatr Radiol. 2001;31:233—7. 

Hilmes MA, Dillman JR, Mody RJ, et al. Pediatric renal leukemia: 
spectrum of CT imaging findings. Pediatr Radiol. 2008;38:424—30. 

Joshi VV, Beckwith JB. Multilocular cyst of the kidney (cystic nephroma) 
and cystic partially differentiated nephroblastoma. Cancer. 1989;64: 
466-79. 

Lonergan GJ, Martinez-Leon MI, Agrons GA, et al. Nephrogenic rests, 
nephroblastomatosis, and associated lesions of the kidney. Radiographics. 
1998;18:947-68. 

Lonergan GJ, Rice RR, Suarez ES. Autosomal recessive polycystic 
kidney disease: radiologic-pathologic correlation. Radiographics. 
2000;20:837-55. 

Lowe LH, Isuani BH, Heller RM, et al. Pediatric renal masses: Wilms” 
tumor and beyond. Radiographics. 2000;20:1585-603. 

Lucaya J, Eniquez G, Nieto J, et al. Renal calcifications in patients with 
autosomal recessive polycystic kidney disease: prevalence and 
cause. AJR Am J Roentgenol. 1993;160:359-62. 

Navoy JE, Royal SA, Vaid YN, et al. Wilms’ tumor: unusual manifesta- 
tions. Pediatr Radiol. 1995;25:76-86. 

Park CM, Kim WS, Cheon J-E, et al. Teratoid Wilms tumor in child- 
hood: CT and ultrasonographic appearances. Abdom Imaging. 
2003;28:440-3. 

Riccabona M. Urinary tract imaging in infancy. Pediatr Radiol. 2009;39 
Suppl 3:S436-45. 

Rohrschneider WK, Weirich A, Rieden K, et al. US, CT and MR imaging 
characteristics of nephroblastomatosis. Pediatr Radiol. 1998;28:435-43. 

Schenk J-P, Graf N, Gunther P, et al. Role of MRI in the management of 
patients with nephroblastoma. Eur Radiol. 2008;18:683-91. 

Strife JL, Souza AS, Kirks DR, et al. Multicystic dysplastic kidney in 
children: US follow-up. Radiology. 1993;186:785-8. 

Strouse PJ. Pediatric renal neoplasm. Radiol Clin North Am. 
1996;34:1081-100. 

Weeks DA, Beckwith JB, Mierau GW, et al. Rhabdoid tumor of kidney: 
a report of 111 cases from the National Wilms” Tumor Study 
Pathology Center. Am J Surg Pathol. 1989;13:439-58. 

White KS, Kirks DR, Bove KE. Imaging of nephroblastomatosis: an 
overview. Radiology. 1992;182:1-5. 


Illustrations 


Woo Sun Kim 


Contents 


W.S. Kim 


Ron 
RUNTODNDOJDUADn 


. Ureteropelvic Junction ObStructiOM......oooonnonncinnnnnoncnconnnncccnccncnnnonconorconnn cn coron cnn oran ar conri 
. Hydronephrosis Associated with Duplication of the Collecting SySteM.....oooonccnninnncnncnmm. 
. Ureterovesical Junction Obstruction... cece ccceesssccesssssccesscesccssseeccesuecesesuecesesseeeessteeesenees 
. Hydronephrosis Due to Vesicoureteral Reflux . 
. Multicystic Dysplastic Kidney ........00000 
. Autosomal Recessive Polycystic Kidney Disease.. 


ORSAI iabectaa EE ar a EAEE E EI EEEREN REE 


«. INephroblastOmatosis nr ai 
. Clear Cell Sarcoma ..... 

. Rhabdoid Tumor.........0..000. 

. Congenital Mesoblastic Nephroma... sis 
. Renal Cell Carcinoma in Children... ccceceeeccsceseseeeeseeseseseeseseeeeseeeseeecaeseseceeeecaeeecaeeeeaeeeeaeeeees 
. Multilocular Cystic Renal Tumor... cccccceccseeseseeseseeeeseeeeseseeseseeeeseeesceeeaeseeeeseeeeeeeecaeeesaeeeeaeeeeaes 
» Lymphoma and Leukemia. ciscsisissccscosscsssessecsnsteeisiasewscvecassaseneiseoness stents siaucenesnteivueneneassuonensbedueacazessate 


Department of Radiology, Seoul National 


University Hospital, Seoul, Korea 
e-mail: kimws @radcom.snu.ac.kr 


S.H. Kim (ed.), Radiology Illustrated: Uroradiology, 
DOI 10.1007/978-3-642-05322-1_14, © Springer-Verlag Berlin Heidelberg 2012 


345 


346 


1. Ureteropelvic Junction Obstruction 
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Fig. 1.1 Ureteropelvic junction obstruction in a 4-year-old boy, which 
was incidentally detected as an abdominal mass. (A) Longitudinal US 
of the left kidney shows marked dilation of the pelvocalyces. (B) Color- 
Doppler US of the urinary bladder in transverse plane shows urine jet 
from the right ureterovesical junction but not from the left. (C—F) 
Contrast-enhancement CT scan (C) and coronal (D and E) and sagittal 


(F) reformatted images show severe dilatation of the left renal pelvis 
and calyces. Paper-thin renal parenchyma of the left kidney shows con- 
trast enhancement although excretion of contrast material is decreased 
and delayed. Note layering of excreted contrast material in calyces 
(arrows in F) 
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Pa 


g. 1.2 Bilateral ureteropelvic junction obstruction in a 9-year-old show bilateral pelvocalyceal dilatation and delayed excretion of con- 
girl. (A and B) Longitudinal (A) and transverse (B) US images of the trast material. (F) Plain radiograph obtained 1 h after CT examination 
left kidney show severe dilatation of the pelvocalyceal system. (C-E) shows obstruction of bilateral ureteropelvic junction (arrows) 
Contrast-enhanced CT scans in early (C and E) and delayed (D) phases 
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Fig. 1.2 (continued) 


Illustrations 
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ic Ureteropelvic junction obstruction in a 5-month-old boy with 
urinary tract infection. (A) Longitudinal US of the left kidney shows 
markedly distended renal pelvocalyces and paper-thin renal paren- 
chyma. Echogenic debris is seen in the urine. (B) A radiograph taken 
during percutaneous nephrostomy. A guide wire is located within the 


renal pelvis, which is opacified by contrast material. Note markedly 
dilated renal pelvis crossing the midline. (C) On antegrade pyelogram 
obtained after percutaneous nephrostomy, the left ureter is opacified by 
contrast material that has passed through the ureteropelvic junction 
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Fig. 1.4 Mild ureteropelvic junction obstruction. (A) Coronal US of the left kidney shows mild hydronephrosis. (B) IVU shows mildly dilated 
pelvocalyces of the left kidney. The left ureter is also visualized 
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Fig. 1.5 Ureteropelvic junction obstruction in a 1-year-old boy. (A) 
IVU taken 1 h after contrast injection shows dilated renal pelvocalyces 
in the left kidney and slightly prominent renal pelvis of the right kidney 
as well. Note the left proximal ureter (arrows), which is kinked but not 
dilated. (B) A posterior view of diethylenetriamine pentaacetic acid 
(DTPA) renal scintigraphy before (left) and after (right) furosemide 
injection. Diuretic renogram shows more accumulation of isotope in the 
left renal pelvis (arrow), whereas there is a decrease of isotope in the 
right renal pelvis (arrowhead). It suggests that there is ureteropelvic 
junction obstruction in the left kidney, whereas the right kidney has a 
prominent extrarenal pelvis without obstruction 


Fig. 1.6 Bilateral ureteropelvic junction obstruction in a 3-month-old 
boy. (A) Longitudinal US of the left kidney shows dilated pelvocalyces. 
(B) A 30-min IVU shows dilated renal pelvocalyces in both kidneys. 
Both ureters are demonstrated and are not dilated 


Fig. 1.7 Ureteropelvic junction obstruction in the lower moiety of the 
duplicated system in a 3-month-old boy. (A) Longitudinal US of the 
right kidney shows hydronephrosis confined to the lower moiety. The 
pelvis of the upper moiety (arrow) is compressed by the dilated lower 
moiety pelvis. (B) IVU performed 2 months after dismembered pyelo- 
plasty shows improved hydronephrosis in the lower moiety of the right 
kidney 
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Illustrations 
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Fig. 1.8 Rupture of the renal pelvis after blunt abdominal trauma in a 
7-year-old girl with bilateral obstruction of ureteropelvic junction. (A-C) 
Contrast-enhancement CT scan (A) and coronal reformatted images 
(B and C) show the discontinuity in the anterior wall (arrow in A) and 


wrinkled wall (arrows in B) of the right renal pelvis and large perirenal 
urinoma (U in A and B). The patient had underlying bilateral hydroneph- 
rosis, which was more severer in the right kidney, due to obstruction of 
ureteropelvic junction 
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2. Hydronephrosis Associated with Duplication of the Collecting System 


Duplicated renal system with ectopic ureterocele in a 1-month- inferior aspect of the urinary bladder (B) base. The distal ureter of the 
old girl. (A) Coronal US of the right kidney shows hydronephrosis in upper moiety is dilated (arrows). Ectopic insertion of the ureterocele 
the upper moiety. The right ureter was also dilated (not shown). (B) was confirmed at cystoscopy 
Transperineal US in sagittal plane shows a large ureterocele (U) in the 


Bilateral duplicated renal system in a 1-month-old girl with the upper moiety of the left kidney. Note the distended urinary bladder 
voiding difficulties. (A and B) Three-minute (A) and 30-minute (B) (B). The lower moiety of the left kidney is displaced downward and 
IVU images show duplicated system in both kidneys. The large filling laterally by nonfunctioning hydronephrotic upper moiety (asterisk), 
defect obstructing the bladder outlet is the ureterocele (arrows) draining resulting in a “drooping lily sign” 


Illustrations 


3. Ureterovesical Junction Obstruction 
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Fig. 3.1 Ureterovesical junction obstruction in a 9-month-old boy. 
(A-D) Transverse (A) and longitudinal (B) US of the urinary bladder 
and longitudinal US of the left kidney (C) and left proximal ureter (D) 
show hydronephrosis and hydroureter of the left urinary system. (E-H) 
Delayed CT scans (E-G) and the posterior volume-rendered image 


(H) show left hydronephrosis and hydroureter. Voiding cystourethrog- 
raphy (not shown) showed no evidence of vesicoureteral reflux. DTPA 
renal scintigraphy (not shown) revealed obstruction at the left ure- 
terovesical junction 
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Fig.3.1 (continued) 
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Fig. 3.2 Ureterovesical junction obstruction in a 4-year-old boy. 
(A) Longitudinal US of the pelvic cavity shows a large, tortuous, cystic 
structure, which is severely dilated left ureter (arrows), displacing the uri- 
nary bladder (B) anteriorly. (B) A 1-h IVU reveals nonvisualization of the 
left urinary system and the presence of a huge mass occupying the left abdo- 
men and pelvis. The urinary bladder is displaced to the right side by the 


mass. Note an indentation on the bladder base by the dilated left distal ureter 
(arrow) mimicking a filling defect within the bladder. (C) Percutaneous 
nephrostomy was tried. The tip of guide wire is located in dilated distal 
ureter. (D) Antegrade urography through the catheter, which is malposi- 
tioned within the ureter, shows improved hydroureteronephrosis. The left 
ureter is obstructed at the ureterovesical junction (arrow) 
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4. Hydronephrosis Due to Vesicoureteral Reflux 
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A 
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>. 
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Fig. 4.1 Massive unilateral vesicoureteral reflux in a boy with poste- Plain radiograph taken after VCU shows severe hydronephrosis and 
rior urethral valve. (Courtesy of Janet Strife, MD.) (A) An oblique hydroureter due to vesicoureteral reflux in the right kidney. Note 
image of VCU shows distension of the posterior urethra and obstructing increased trabeculation of the urinary bladder 

valve (arrow). Note the thin stream of urine in the anterior urethra. (B) 
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5. Multicystic Dysplastic Kidney 


see ne Fig. 5.2 Multicystic dysplastic kidney in a 2-year-old boy. (A and B) 

t Contrast-enhanced CT scans show multiple, variable-sized cysts that 
are distributed randomly. Intervening dysplastic renal tissue shows no 
enhancement 


Fig. 5.1 Multicystic dysplastic kidney in a l-month-old girl. (A) 
Longitudinal US of the right kidney shows multiple cysts of varying 
size and intervening hyperechoic area. Normal renal parenchyma is not 
demonstrated. (B) An anterior view of DMSA renal scintigraphy shows 
no uptake of radioisotope in the right kidney 
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9.3 Multicystic dysplastic kidney and contralateral partial involve- upper pole of the right kidney. The lower pole of the right kidney shows 
ment in a 10-day-old girl. (A-C) T1-weighted (A), T2-weighted (B), normal signal intensity and enhancement. Enhancement of the cyst 
and fat-suppressed contrast-enhanced T1-weighted (C) MR images in walls and dysplastic parenchyma is seen in the left kidney 
coronal plane show multiple cysts occupying whole left kidney and the 
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Multicystic dysplastic kidney due to atresia of the distal ureter pole is the largest. (B) VCU shows bilateral vesicoureteral reflux. Note 
in a 2-month-old boy. (A) Longitudinal US of the left kidney shows blind ending of the left distal ureter (arrow) indicating atresia of the 
multiple cysts without normal renal parenchyma. A cyst in the upper ureter at that level 


Renal dysplasia in a 1-year-old boy with ureteropelvic junc- (arrow in A) and a smaller one (arrow in B) in the interpolar region of 
tion obstruction. (A and B) Contrast-enhanced CT scans obtained the left kidney. Layering of excreted contrast material is noted in the 
30 min after contrast injection show a larger cyst in the upper pole dilated left renal pelvis. Also note small size of the left kidney 
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Fig. 5.6 Regression of cysts in multicystic dysplastic kidney in an most of the cysts are decreased in size with exception of a large cyst in 
infant. (A) Longitudinal US of the right kidney shows multiple, ran- the lower pole 
domly distributed, cortical cysts of various sizes. (B) Six months later, 


F, 


Fig. 5.7 Cyst rupture in multicystic dysplastic kidney in a 6-year-old kidney. Note the wrinkled wall (arrow in B) of the largest cyst due to 
boy. (A and B) Contrast-enhanced CT scans show multiple cysts of rupture. Also note the urine ascites and perirenal fluid collection 
varying size and poorly enhanced, dysplastic parenchyma in the left 


Illustrations 
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6. Autosomal Recessive Polycystic Kidney Disease 


Autosomal recessive polycystic kidney disease in a 4-month- 
old boy. (A) Longitudinal US shows an enlarged kidney with heteroge- 
neously increased echogenicity. Note the renal pelvis (arrows) 
compressed by involved parenchyma. Corticomedullary differentiation 


is obliterated. (B) High-resolution US of the kidney shows radially ori- 
ented ectatic tubules. (C) Plain radiograph obtained after contrast- 
enhanced CT shows large kidneys with radially arrayed, striated 
nephrogram 
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Fig. 6.2 Autosomal recessive polycystic kidney disease. Longitudinal 
US shows a large kidney with homogeneously increased echogenicity. 
Note that the peripheral renal cortex is relatively hypoechoic 


5.4 Autosomal recessive polycystic kidney in a 6-year-old girl. 
(A) Contrast-enhanced CT shows nonopacification of ectatic tubules. 
The periphery of kidneys shows some enhancement. (B) CT scan 
obtained 40 min after contrast enhancement shows pooling of contrast 
material in some of the involved tubules. Note that contrast material 
excreted into the pelvocalyces 


F Autosomal recessive polycystic kidney disease in a 2-year- 
old boy. (A) Longitudinal US shows numerous small cysts in the 
enlarged kidney. The intervening parenchyma is hyperechoic. The renal 
pelvis is seen (arrow). (B) A 24-h delayed CT scan after contrast 
enhancement shows innumerable cysts and contrast pooling in radially 
arrayed tubules in both kidneys 


Illustrations 


| 5 Mild renal involvement of autosomal recessive polycystic 
kidney disease in a 7-year-old boy. (A) Contrast-enhanced CT shows 
poor enhancement of both kidneys. Nonenhancing lesion in the left kid- 
ney (arrow) and multiple, small, ill-defined radiations of low attenua- 
tion are seen in the medulla of both kidneys. Splenomegaly and ascites 
due to accompanied congenital hepatic fibrosis are present. (B) CT scan 
obtained 24 h after contrast enhancement shows contrast pooling in 
renal tubules in the low-attenuated lesions seen in (A) 
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Autosomal recessive polycystic kidney disease associated 
with congenital hepatic fibrosis in a 1-year-old girl. (A) Transverse US 
of the left lobe of the liver shows coarse, increased, parenchymal echo- 
genicity of the liver. Dilated intrahepatic bile ducts (arrows) are seen 
adjacent to the left portal vein (P). (B and C) Contrast-enhanced CT 
scans show hepatosplenomegaly and mild dilation of the intrahepatic 
bile ducts in (B). Radially oriented streaks of low attenuation are seen 
in the renal parenchyma in (C) 
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Fig. 6.7 Autosomal recessive polycystic kidney disease associated 
with Caroli’s disease in a 7-year-old boy. (A) Nonenhanced CT shows 
multiple, tiny calcifications in both kidneys. (B and C) Contrast- 
enhanced CT scan of the kidneys (B) shows radially oriented, ectatic 


tubules, and small cysts. Uninvolved renal cortex shows enhancement. 
On liver CT (C), a cystic dilatation of the intrahepatic bile duct (arrow) 
is seen in the right lobe of the liver. Other intrahepatic bile ducts are 
mildly dilated. Note splenomegaly due to portal hypertension 
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7. Wilms’ Tumor 


Fig. 7.1 Wilms’ tumor in a 2-year-old girl. (A) Nonenhanced CT scan heterogeneous enhancement and irregular central necrosis. A beak of 
shows a large, round mass involving right kidney. The mass has central enhancing renal parenchyma suggests a renal origin of the tumor 
low-attenuated area. (B and C) Contrast-enhanced CT scans show a (arrows in ©) 

well-circumscribed mass arising from the right kidney. The mass shows 
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Cystic Wilms’ tumor in a 3-year-old girl. (A and B) Contrast- 
enhanced CT scans show a huge, multiloculated, cystic mass involving 
left kidney. Some of septa are thin, whereas others are thick and irregu- 
lar. Note solid nodules (arrows) within the mass, which strongly sug- 
gests that the mass is more likely a nephroblastoma rather than a 
multilocular cystic renal tumor. Note the thin rim of the normal paren- 
chyma (arrowheads) (Images courtesy of Janet Strife, MD) 


Wilms’ tumor involving the renal sinus. (A) Longitudinal US 
of the left kidney shows a homogeneously echogenic mass in the central 
region of the kidney. (B) Power Doppler US of the mass shows an intra- 
tumoral vascular structure (arrow). Note that tumor vascularity is far 
less than that of the normal renal parenchyma. (C) Contrast-enhanced 
CT shows a heterogenous mass involving the renal sinus. Note a 
strongly enhancing structure within the mass, which is probably a ves- 
sel (arrow) seen on power Doppler US 


Illustrations 


+ Bilateral Wilms’ tumor in a 3-year-old girl with aniridia. 
(A and B) Contrast-enhanced CT scans show large, low-attenuated, 
solid masses with a lobulated contour in both kidneys. The masses 
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contain necrotic areas. The remaining renal parenchyma is displaced 
anteriorly in the right kidney (arrow in A) 


i Wilms’ tumor and contralateral multicystic dysplastic kidney 
in a l-year-old girl. (A) Coronal US of the left kidney shows an echo- 
genic mass (arrows) in the interpolar region of the right kidney. (B) 
Power Doppler US of the mass shows hypovascular nature of the mass 
(arrows). (C) Coronal US of the contralateral kidney shows a dominant 


cyst and multiple smaller cysts in the background of echogenic dysplas- 
tic parenchyma. (D) Contrast-enhanced CT scans of the abdomen shows 
a round, low-attenuated mass in the right kidney, which was confirmed 
to be a Wilms’ tumor. A dominant cyst of the multicystic dysplastic 
kidney is seen in the left kidney 
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Wilms’ tumor extending into the inferior vena cava and the 
right atrium in a 4-year-old boy. (A) Transverse US of the right kidney 
shows a large, echogenic mass (M) and tumor thrombi in the right renal 
vein (RV) and inferior vena cava (JVC). (B and C) Longitudinal (B) and 
transverse (C) US images of the inferior vena cava show distended vena 
cava filled with tumor thrombi (arrows). Note irregular hypoechoic area 
within the thrombi and propagation of tumor thrombus into the right 


atrium (arrowheads in B). (D) Tumor thrombus (arrowheads) is seen on 
transverse US of the right atrium. (E-G) Contrast-enhanced CT scans 
show tumor thrombi (arrows) in the right atrium (E) and the intrahepatic 
portion of the inferior vena cava (F). Note extension of the tumor into the 
inferior vena cava (V) via the right renal vein (arrows in G). 
Hydronephrosis and poor parenchymal enhancement of the right kidney 
is due to obstruction by the mass 


Illustrations 


Fig. 7.6 (continued) 
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Fig. 7.7 Wilms’ tumor extending into the inferior vena cava in a 
2-year-old girl. (A and B) Contrast-enhanced CT scans show a large 
tumor in the right kidney. The mass extends into the inferior vena cava 
(V) via the right renal vein (arrows). Note entrapped, nonopacified col- 
lecting system within the mass (arrowheads). (C) CT scan of the upper 
level shows dilation of the azygos vein (arrow) due to obstruction of the 
inferior vena cava 
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Fig. 7.8 Wilms’ tumor with perirenal and lymph node involvement in 
a 9-year-old girl. (A and B) Contrast-enhanced CT scans show a large 
mass with central necrosis in the right kidney. The tumor invades adja- 


cent perirenal space anteriorly (arrowheads). Enlargement of a lymph 


node (arrow) with an attenuation similar to that of the mass is seen 
between the aorta and the inferior vena cava. A retroperitoneal mass 
along the right psoas muscle is also seen (open arrow) 


Fig. 7.9 Wilms’ tumor with perirenal hematoma in a 7-year-old boy 
with signs of bleeding. (A-C) CT scans before (A) and after (B) con- 
trast enhancement show a large left renal mass and fluid collection in 
the perirenal space. The perirenal hematoma (arrows in A) shows high 
attenuation on nonenhanced CT. Note disruption of the thin enhancing 


rim of the renal parenchyma in the posterior aspect of the tumor (arrow 
in C), which suggests the site of tumor rupture. (D) CT scan after che- 
motherapy reveals a decrease in the size of the mass and disappearance 
of perirenal hematoma. After this examination, the patient underwent 
nephrectomy 
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Wilms’ tumor with extension into the renal pelvis in a dilated (P). Calyces of the right kidney are dilated with a layering of 
7-year-old girl. (A and B) Contrast-enhanced CT scans show a large contrast material within it. Renal parenchyma of the right kidney 
mass in the right kidney. The mass involves the central portion of the enhances less than that of the left kidney 
kidney and has grown mainly into the renal pelvis, which is markedly 


Wilms’ tumor extending to the ureter and the urinary blad- ureter is distended with tumor within it. A polypoid mass coated with 
der in botryoid fashion. (A—D) Contrast-enhanced CT scans show a contrast material is seen in the urinary bladder (arrow). Note an enlarged 
renal mass involving the renal hilum (A). The mass extends into the para-aortic lymph node (arrowhead in A) 
right ureter (arrow) (B and C) and the urinary bladder (D). The right 
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Fic 2 Wilms’ tumor in a horseshoe kidney in a 3-year-old girl. (A) 
An 8-min IVU shows vertical orientation and rotation of the left kidney. 
Calyceal systems of the right kidney and the right ureter are demon- 
strated in the lower abdomen (arrows). (B) Contrast-enhanced CT scan 
performed 1 year after IVU shows a mass arising from the isthmus of 


the horseshoe kidney. The mass (M) is bridging the lower pole of the 
left kidney with malformed right kidney. The right kidney shows 
decreased enhancement and calyceal dilatation. (C) Longitudinal US of 
the right ureter shows extension of the tumor (arrows) into the ureter 
and urinary bladder (B) 
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Fig. 7.13 Teratoid Wilms’ tumor in a 3-year-old girl. (A-C) Contrast- attenuation within the mass (arrow in C). It is confirmed as teratoid 
enhanced CT scans show a large cystic mass in the left kidney. The Wilms’ tumor pathologically 
mass has lobulated solid component in the periphery. Note an area of fat 
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8. Nephroblastomatosis 


Bilateral Wilms’ tumor associated with nephroblastomatosis 
in a 7-year-old boy. (A and B) Contrast-enhanced CT scans show mul- 
tiple renal masses of variable attenuation. Note that large tumors are 
superimposed on the background of multiple, peripheral, nephrogenic 
rests (arrows in A). Also note severe cystic degeneration in the left 
renal mass 
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Fig. 8.2 Nephroblastomatosis and Wilms’ tumor in a 2-year-old girl. 
(A-C) (Courtesy of Janet Strife, MD.) (A) Longitudinal US of the right 
kidney shows an exophytic, hyperechoic mass in the upper pole. (B and C) 
Contrast-enhanced T1-weighted MR images in axial (B) and coronal (C) 
planes show poorly enhancing masses and small subcortical nodules 
(arrows). Larger masses or nodules were detected by US, whereas tiny 
nodules of nephrogenic rests were not 
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9. Clear Cell Sarcoma 
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Fig. 9.1 Clear cell sarcoma in a 2-month-old boy. (A-D) CT scans 
before (A) and after (B-D) contrast enhancement show a large heteroge- 
neous mass and compressed renal parenchyma remainder in the left kid- 
ney. The mass has extensive cystic spaces with fluid-fluid levels. Note a 
nodule (arrow in A) and fluid-fluid levels (arrowheads in A and B) 


of high attenuation due to hemorrhagic contents. (E and F) Contrast- 
enhanced CT scans after chemotherapy show decrease in mass size and 
solid component of the tumor. Multiple small lymph nodes are seen in 
the left para-aortic area 
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Fig. 9.1 (continued) 


Fig. 9.2 Clear cell sarcoma in a 3-year-old boy. (A and B) Contrast- 
enhanced CT scans show a large solid mass and compressed renal 
parenchyma remainder in the left kidney. Note a large lymph node 
(arrow) located between the aorta and the mass 
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Clear cell sarcoma with cerebellar metastasis in a 3-year-old (C) Plain radiograph obtained after CT shows compression and dis- 
boy. (A and B) Contrast-enhanced CT scans show a large heteroge- placement of the right pelvocalyceal system by the mass. (D) Contrast- 
neous mass and compressed renal parenchyma remainder in the right enhanced Tl-weighted MR image of the brain shows a well-enhancing, 
kidney. The mass shows enhancement of an irregular whirling pattern. solid mass in the right cerebellar hemisphere 
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10. Rhabdoid Tumor 
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Fig. 10.1 Rhabdoid tumor of the kidney in a 5-month-old boy. (A) 
Coronal US of the right kidney shows a solid mass (M) originated from the 
lower pole. Note large subcapsular fluid collection ($), possibly hema- 
toma, and dilatation of calyces (arrows) of the upper pole. (B and C) 
Contrast-enhanced CT scans show a heterogeneous mass (M) in the 
right kidney. There are multiple low-attenuation areas within the mass 


suggesting tumor necrosis. Subcapsular hematoma (S), which is known 
to be a characteristic finding in rhabdoid tumor, is seen. At gross patho- 
logic and histologic examinations, the tumor was a well-demarcated mass 
with extensive hemorrhagic necrosis and the renal capsule and renal pelvis 
were not invaded by the tumor 


Illustrations 
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Fig. 10.2 Rhabdoid tumor of the kidney in a 10-month-old girl. (A and B) 
Contrast-enhanced CT scans show a large heterogeneous mass and com- 
pressed renal parenchyma remainder in the right kidney. Note multiple, 
enlarged lymph nodes (arrow) in the renal hilum and the para-aortic area. 
The renal pelvis and calyces of the upper pole are dilated. T2-weighted 


(C) and contrast-enhanced T1-weighted (D) coronal MR images show a 
mass originated from the lower pole of the right kidney. Note hydronephro- 
sis of the upper pole and para-aortic lymph node enlargement (arrow). The 
mass and the enlarged lymph node show heterogeneous enhancement 
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11. Congenital Mesoblastic Nephroma 
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Fig. 11.1 
Longitudinal US (A and B) and color Doppler US (C) of the right kid- 
ney show a poorly defined solid mass (M in A and B) with tumor vas- 
cularity (C). Note compressed renal pelvis (arrow in A and B) by the 
mass (M). Early-phase (D) and delayed-phase (E) CT scan after contrast 


Congenital mesoblastic nephroma in a 1-day-old boy. (A-C) 


enhancement and coronal reformatted image (F) show a heterogeneous 
mass (M in D-F) displacing the renal pelvis (arrow in E and F) medially. 
At histologic examination, there was no necrosis or hemorrhage in 
the tumor and the renal pelvis was compressed but not invaded by 
the mass 
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Fig. 11.2 Congenital mesoblastic nephroma in a 3-day-old girl. (A-C) displaces the calyces to the periphery. Note collection of contrast mate- 
Nonenhanced (A) and contrast-enhanced (B and C) CT scans show a rial in the entrapped calyces (arrows in B and C) within the mass. The 
left renal mass that was detected antenatally. The mass is poorly defined tumor, which is isoattenuated on nonenhanced CT, shows mild homo- 
from the adjacent normal parenchyma, which may be compatible with geneous enhancement after injection of contrast material (Images cour- 
its pathologic characteristics. The mass involves the renal sinus and tesy of Hee-Jung Lee, MD) 
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12. Renal Cell Carcinoma in Children 


Fig. 12.1 Renal cell carcinoma in a 14-year-old girl. (A) Longitudinal US of the right kidney shows a solid echogenic mass with multiple small 
cystic areas. (B and C) Contrast-enhanced CT scans show a well-enhancing mass with multiple cystic areas 


Illustrations 


13. Multilocular Cystic Renal Tumor 


Fig. 13.1 Multilocular cystic nephroma in a 5-year-old girl. (A) 
Longitudinal US of the right kidney shows a cystic mass with multiple 
fine septa in the upper pole. (B-D) CT scans before (B) and after 
(C) contrast enhancement and coronal reformatted image (D) show a 


385 


A 


well-defined, multiseptated cystic mass in the upper pole of the right kid- 
ney. Two spotty calcifications (arrows in B) are seen in the septa within 
the mass. (E) Gross specimen shows a cystic mass with thin septations in 
the upper pole. The content of the cystic mass has already evacuated 
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Fig. 13.1 (continued) 


Fig. 13.2 Multilocular cystic nephroma in a 3-year-old girl. (A and B) 
Contras-enhanced CT scans show a well-defined cystic mass in the 
right kidney. Note numerous fine septations without solid components. 
A crescent of compressed renal parenchyma is seen posteriorly 
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Cystic partially differentiated nephroblastoma in a 5-year- ence of tiny cystic spaces, which are beyond the resolution ability of 
old girl. (A) Longitudinal US of the right kidney shows a multilocular US. (B) Contrast-enhanced CT scan shows a well-circumscribed cystic 
cystic mass. Septa appear relatively thick, presumably due to the pres- mass with thin septa 


Cystic partially differentiated nephroblastoma in a 4-month- huge septated cystic mass in the right kidney. Note multiple fluid-fluid 
old boy. (A-D) T1-weighted axial (A) T2-weighted axial (B) and con- levels due to hemorrhagic contents. Enhancement of the septa is seen, 
trast-enhanced T 1-weighted axial (C) and coronal (D) MR images show and some of them appear relatively thick 
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14. Lymphoma and Leukemia 


Fig. 14.1 Lymphoblastic lymphoma ina5-year-old boy. (A) Longitudinal renal enlargement with multiple renal masses. The masses are slightly 
US of the right kidney shows multiple hyperechoic nodules. (B and C) high attenuated on nonenhanced CT and poorly enhanced on contrast- 
CT scans before (B) and after (C) contrast enhancement show bilateral enhanced CT 


Fig. 14.2 Burkitt’s lymphoma in a 3-year-old boy. Contrast-enhanced 
CT shows multiple, low-attenuated nodules in the kidneys, liver, and 
spleen. Note massive hepatomegaly due to diffuse involvement 


Illustrations 389 


> 


Fig. 14.3 Leukemia in a 4-year-old girl. (A) Transverse US of the medulla. (C) A contrast-enhanced CT shows enlarged kidneys, dif- 
abdomen shows massive symmetrical enlargement of both kidneys. (B)  fusely thickened and poorly enhancing renal parenchyma, and com- 
High-resolution US of the kidney shows decreased corticomedullary pressed and distorted calyces 

differentiation and fine striation within the cortex. Arrows indicate a 


Renal Infection 


Introduction 


Jeong Yeon Cho 


Urinary tract infections are the most common urologic 
disease. In adults, diagnosis of urinary tract infection is typi- 
cally based on characteristic clinical features and abnormal 
laboratory values. Urinary tract infections are usually ascend- 
ing infection from the urinary bladder. Acute pyelonephritis 
is the most common bacterial infection involving the kidney. 
The characteristic computed tomography (CT) findings are 
focal or diffuse renal enlargement, hypoenhanced regions in 
the renal parenchyma, and impaired excretory function of the 
kidney. Acute pyelonephritis may progress to renal or perire- 
nal abscess if it is not treated successfully. Emphysematous 
pyelonephritis is a rare, life-threatening, necrotizing infec- 
tion of kidneys characterized by gas formation within the 
renal parenchyma. Pyonephrosis is an obstructed and infected 
kidney and needs prompt treatment. Chronic pyelonephritis 
is renal parenchymal scarring resulting from vesicoureteral 
reflux. Ultrasonography (US) and CT demonstrate clubbed 
calyces and irregular renal contour by focal loss of overlying 
parenchyma. Xanthogranulomatous pyelonephritis is a chronic 
granulomatous disease by recurrent bacterial infection. CT 
demonstrates the enlarged kidney, calculi in a contracted renal 
pelvis, and the dilated calyces filled with low-attenuated pus. 
Malacoplakia is a rare granulomatous inflammation by incom- 
plete intracellular digestion of bacteria and may mimic renal 
tumors. Fungal infection may occur in the urinary tract usually 
in immunocompromised patients. 


Acute Renal Infection 
Acute pyelonephritis is the most common bacterial infection 


involving the kidney. It is an intense inflammation of the 
renal collecting system and parenchyma, which is usually 
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multifocal. Bacteria, most commonly Escherichia coli, usu- 
ally reach the kidney through the ureter. However, certain 
bacteria such as Staphylococcus aureus can reach the kidney 
by hematogenous seeding from a distant source. Conditions 
predisposing to acute pyelonephritis are vesicoureteral reflux, 
urinary tract obstruction, calculi, altered bladder function, 
altered host resistance, pregnancy, and congenital urinary 
tract anomalies. In most cases, the diagnosis can be made on 
the basis of typical symptoms and laboratory findings. 
Imaging studies including US and CT are usually not needed 
in uncomplicated adult patients, but they are mandatory for 
the early detection and follow-up in pediatric patients. 


Acute Pyelonephritis, Uncomplicated 


Symptoms of acute pyelonephritis are fever, chill, and flank 
pain with costovertebral tenderness. Gastrointestinal symp- 
toms including abdominal pain, nausea, vomiting, and diar- 
rhea may be accompanied. Laboratory findings include 
pyuria, bacteriuria, and a positive urine culture. Blood tests 
may show leukocytosis with a neutrophilic shift, elevated 
erythrocyte sedimentation rate, and elevated C-reactive pro- 
tein levels. Blood cultures are occasionally positive for the 
same organism as cultured from the urine. 

Pathological changes in acute pyelonephritis are well 
described. In ascending infection, inflammatory lesions begin 
in the pelvocalyceal system and papilla, and the inflammation 
spreads to the renal cortex through the tubules. Severe arterial 
constriction and edema cause multifocal, wedge-shaped 
lesions that extend from the papilla to the cortical surface 
with lobar or sublobar distribution. Hematogenous infection 
results in multiple peripheral lesions in the cortex with nonlo- 
bar distribution. However, it is difficult to distinguish a 
hematogenous infection from an ascending infection when 
the lesions progress. 

Intravenous urography (IVU) is normal in 75% of patients 
with uncomplicated acute pyelonephritis. In the remainder, 
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IVU may show diffuse renal enlargement, decreased patchy 
or striated nephrogram, focal renal mass, effacement of pel- 
vocalyceal system, or delayed calyceal opacification. 

US findings in patients with acute uncomplicated pyelone- 
phritis are often normal, but the involved kidney may be enlarged 
with either decreased or increased renal parenchymal echogenic- 
ity. Power Doppler US may demonstrate triangular areas of 
decreased perfusion. New US techniques such as tissue harmonic 
imaging or pulse inversion harmonic imaging may help depict- 
ing the renal parenchymal lesions in acute pyelonephritis. 

CT is regarded as the most practical imaging study to esti- 
mate the severity and extent of acute pyelonephritis and to look 
for complications such as abscesses and obstruction. The char- 
acteristic CT findings are focal or diffuse renal enlargement, 
hypoenhanced regions in the renal parenchyma, impaired excre- 
tory function of the kidney, and renal or perirenal abscesses. 
Nonenhanced CT scan may show high-attenuated lesions if 
the lesion is hemorrhagic. On contrast-enhanced scans, striated 
foci of decreased enhancement are seen focally or diffusely 
depending on the degree of involvement. These striated regions 
probably reflect decreased excretion of contrast material due to 
slow flow of urine within the tubular lumen secondary to ele- 
vated interstitial pressure or tubular obstruction. With increas- 
ing severity of involvement, multiple wedge-shaped foci of 
decreased enhancement can be seen radiating from the papilla 
to the renal capsule. These wedge-shaped lesions may show 
delayed contrast staining if delayed CT scans are obtained with- 
out further injection of contrast material. The pathophysiologic 
mechanisms of these low-attenuated lesions are focal ischemia, 
obstruction of tubules, and extrinsic compression by intersti- 
tial edema. Multiple low attenuated renal lesions without typi- 
cal symptoms of acute pyelonephritis may be misdiagnosed as 
multiple neoplastic masses such as metastasis and lymphoma. 
MR imaging does not have any advantages over US or CT in the 
evaluation of acute pyelonephritis, but may be useful in pregnant 
women or patients with sensitivity to iodinated contrast agents. 

In children, radionuclide scintigraphy is useful to docu- 
ment renal parenchymal involvement. However, it is of little 
use in adults, in whom the major issue is whether there is a 
complication such as abscess or obstruction. 

Radiological healing lags behind clinical improvement. 
With appropriate antibiotic therapy, most patients are consid- 
ered clinically cured within 4-5 days. However, the imaging 
abnormalities usually disappear after several months. 


Complications of Acute Pyelonephritis 
Renal and Perirenal Abscesses 
Acute pyelonephritis may progress to renal abscess if it is 


not treated successfully, especially in patients with diabetes 
mellitus, drug abuse, vesicoureteral reflux, and renal calculi. 
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Renal abscess may be solitary or multiple. Multiple small 
peripheral abscesses may suggest hematogenous infection. 

IVU may demonstrate decreased nephrogram of all or 
part of the kidney and decreased calyceal opacification with 
compression and displacement of the calyces in the affected 
area. Renal abscess appears as a thick-walled cystic lesion on 
US but contains internal echoes. As the abscess matures, 
internal echoes tend to disappear. CT is the imaging study of 
choice for the diagnosis of renal abscess. The lesion appears 
as a low-attenuated, nonenhancing mass with thick, enhanc- 
ing wall. In rare cases, gas may be present within the abscess. 
The renal fascia is often thickened, and soft-tissue stranding 
is commonly found in the adjacent perirenal fat. 

Renal abscess may cause perirenal abscess by extension 
through the renal capsule. Other causes of perirenal abscess 
are spread of infection from the adjacent retroperitoneal 
space, and hematogenous spread from a distant focus. On 
plain radiographs, the renal margin and psoas shadow are 
indistinct. Scoliosis of the lumbar spine concave to the 
affected side also may be present. Air may be found within a 
large abscess. On IVU, the kidney shows changes of acute 
pyelonephritis, and the abscess may displace the kidney and 
obscure the renal margin. On US, perirenal abscess appears 
as a cystic mass of variable echogenicity adjacent to the kid- 
ney. Gas within the abscess causes dirty acoustic shadowing. 
The imaging study of choice for the detection of perirenal 
abscess 1s also CT. Extension into the psoas muscle, anterior 
or posterior pararenal spaces, and the true pelvis can be accu- 
rately delineated with CT. Malignant tumors with extrarenal 
extension, perirenal hematoma, and urinoma may appear 
similar to perirenal abscess on imaging studies. 

Small, solitary renal abscesses (<2 cm) may be treated by 
antibiotic therapy. Larger intrarenal and all perirenal abscesses 
should be treated by drainage. Percutaneous catheter drainage 
is the preferred method and provides satisfactory results. 


Emphysematous Pyelonephritis 


Emphysematous pyelonephritis is a rare life-threatening 
necrotizing infection of kidneys characterized by gas forma- 
tion within the renal parenchyma. The most common organ- 
ism is E. coli, less frequently Proteus and Klebsiella species. 
Most of the cases occur in patients with diabetes mellitus. 
The gas develops by fermentation of glucose into carbon 
dioxide and hydrogen. 

Emphysematous pyelonephritis can be classified into two 
types. Type I is the classic form characterized by renal paren- 
chymal destruction that manifests with either streaky or mot- 
tled areas of gas. Intra- or extrarenal fluid collections are 
notably absent. Type II is characterized by renal or perirenal 
fluid collections that are directly associated with bubbly or 
loculated gas or by gas within the renal collecting system. 
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The type II lesion should be considered to be a form of renal 
or perirenal abscess and may be treated with percutaneous 
catheter drainage. The type I lesion, when extensive, should 
be treated by emergent nephrectomy. The early use of CT 
may detect milder type I cases that can be treated successfully 
with aggressive antibiotic therapy rather than nephrectomy. 
Plain radiographic findings are characteristic. Streaks and 
bubbles of gas are seen within the renal parenchyma, radiat- 
ing from the medulla to the cortex. Subcapsular and perirenal 
gas may also be present. US demonstrates dense echoes and 
dirty shadowing of gas in the kidney and perirenal area. CT 
delineates the exact location and extent of gas. 
Emphysematous pyelitis is a less aggressive form of emphy- 
sematous infection of the upper urinary tract characterized by 
gas localized to the renal collecting system. The overall mortal- 
ity rate is significantly less than that for emphysematous pyelo- 
nephritis. Radiological findings are gas bubbles or gas-fluid 
levels within the renal pelvocalyceal systems and the lack of 
parenchymal gas unlikely emphysematous pyelonephritis. 


Pyonephrosis 


The term pyonephrosis describes an obstructed and infected 
kidney. Parenchymal damage occurs and progresses quickly. 
The consequences are often grave if not treated promptly. 
Microabscess and necrotizing papillitis develop early. 
Pyonephrosis is one of the few true urological emergencies. 
The obstruction is caused most frequently by a stone, less 
commonly by tumor, postoperative stricture, retroperitoneal 
fibrosis, or neurogenic bladder. 

Classical US findings include a dilated pelvocalyceal sys- 
tem that contains fine echoes in the dependent portion, urine- 
debris levels that shift with changes in patient position, and 
gas in the collecting system. However, pyonephrosis often 
appears as simple hydronephrosis on US. On CT, the collect- 
ing system is dilated and may contain a urine-debris level or 
an air-fluid level. Thickening of the wall of the renal pelvis, 
heterogeneous nephrogram, streaky soft-tissue attenuation in 
the perinephric and renal sinus fat, and thickening of renal 
fascia may be demonstrated on CT. Pyonephrosis may also 
look like simple hydronephrosis on CT. Percutaneous neph- 
rostomy should be done emergently. The diagnostic nephros- 
togram should be delayed until urine becomes clear. 


Chronic Renal Infection 
Chronic Pyelonephritis 
Chronic pyelonephritis, as a radiological term, refers to renal 


parenchymal scarring that frequently results from vesi- 
coureteral reflux severe enough to reflux infected urine back 
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into the renal tubules, a process known as intrarenal reflux. 
Intrarenal reflux of infected urine causes an acute inflamma- 
tory reaction in the renal parenchyma. This ultimately results 
in parenchymal scarring, which typically involves the full 
thickness of the renal cortex and medulla and causes clubbing 
of the adjacent calyx. Scarring associated with reflux neph- 
ropathy more commonly occurs in early childhood, usually 
before the age of 4 years. Whether or not parenchymal scar- 
ring can result from reflux of uninfected urine is unsettled. 
The risk factors of chronic pyelonephritis in adults are cal- 
culi, urinary tract obstruction, neurogenic bladder, and uri- 
nary diversion. 

IVU demonstrates calyceal clubbing and retraction of 
the overlying renal parenchyma. Polar regions, especially 
the upper-pole, are frequently involved. When there is a 
vesicoureteral reflux to the lower moiety of the duplicated 
system, the lower pole may be contracted resulting in a 
“nubbin sign” on IVU. US and CT demonstrate focal loss 
of renal parenchyma indicated by an irregularly indented 
contour of the kidney. Often clubbed calyces may be dem- 
onstrated on US or CT. In severe cases, scarring involves 
the entire kidney resulting in the atrophic or contracted 
kidney. 


Xanthogranulomatous Pyelonephritis 


Xanthogranulomatous pyelonephritis, an uncommon chronic 
renal infection, has characteristic pathological findings includ- 
ing scarring and contraction of the renal pelvis, renal paren- 
chymal destruction, and yellowish granulomatous material 
containing lipid-laden foamy macrophages and histiocytes. 
Renal obstruction by stone is present in 80% of cases. Most 
patients have no specific risk factor, although diabetes mel- 
litus is detected in approximately 10% of patients. The most 
common organisms implicated are P. mirabilis and E. coli, 
but a variety of other bacteria may be found. Symptoms are 
nonspecific including fever, chills, hematuria, pyuria, and 
flank pain. 

In 85% of cases, the kidney is involved diffusely. The 
remainder takes a localized form that can be confused with a 
renal tumor on imaging studies. The majority of the cases 
have extensive perirenal inflammation. 

Plain radiograph usually demonstrates a faintly calcified, 
lamellated struvite stone and a poorly defined mass shadow in 
the renal fossa. Usually, the involved kidney does not opacify 
on IVU. US demonstrates diffuse renal enlargement with cal- 
culi and thick debris in the dilated calyces. Differentiation 
from tuberculosis can be difficult. CT demonstrates the 
enlarged kidney, calculi in a contracted renal pelvis, and the 
dilated calyces filled with low-attenuated pus. Contrast- 
enhanced CT demonstrates mild enhancement of the inflamed 
but nonfunctioning renal parenchyma around the calyces, and 
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the thickened renal fascia. Perirenal extension of the disease 
is well demonstrated on CT. Fistula may occur to nearby 
organs or to the skin. 


Malacoplakia 


Malacoplakia is a rare form of granulomatous inflammatory 
disease characterized histologically by distinctive histiocytes 
that contain Michaelis-Gutman bodies. These inclusion bod- 
les represent incomplete intracellular digestion of bacteria. 
Malacoplakia usually occurs in the urinary tract, most often 
in the urinary bladder. Renal involvement accounts for about 
15% of the urinary tract cases. It occurs four times more fre- 
quently in women than in men. The peak age of renal mala- 
coplakia is older than 50 years. Renal malakoplakia is 
multifocal in 75% and bilateral in 50% of cases. Solitary 
renal malacoplakia presents as a sharply demarcated mass 
that may be confused with a renal tumor. The radiological 
findings of renal malakoplakia depend on the pattern of 
involvement. US may demonstrate solitary or multiple, ill- 
defined masses of varying echogenicity. CT demonstrates 
mildly enhanced, solitary, or multiple renal masses. Extension 
of the inflammatory process into the retroperitoneum is 
sometimes observed on CT. MR imaging findings of renal 
malacoplakia have been reported as multiple nodules with 
low signal intensity on T1- and T2-weighted images and 
delayed enhancement of intervening fibrous stroma. 


Fungal Infection of the Kidney 


Candidiasis is the most common fungal disease involving the 
kidney. Two patterns of renal candidiasis have been described. 
In systemic candidiasis, hematogenous spread to the kidney 
produces Candida pyelonephritis. CT may show multiple 
low-attenuated lesions in the liver, spleen, and kidney, repre- 
senting microabscess. Primary renal candidiasis occurs with- 
out hematogenous spread or other major organ involvement. 
IVU shows diminished excretion of the contrast material, 
papillary necrosis, and hydronephrosis. Multiple filling 
defects in the collecting systems are caused by fungus balls. 
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1. Acute Pyelonephritis: IVU Findings 


Fig. 1.1 Acute pyelonephritis in a 65-year-old woman. (A) IVU shows 
diminished opacification of pelvocalyceal system of the left kidney 
compared to the right kidney. (B) Follow-up IVU obtained after 3 weeks 
of treatment shows normalized left urinary tract 


Fig. 1.2 Acute pyelonephritis in a 23-year-old woman with vesi- 
coureteral reflux. (A) Baseline IVU when the patient was asymptomatic 
shows well-opacified pelvocalyceal systems of both kidneys. Note 
incomplete duplication of the left renal pelvis and ureter. (B) IVU 
1 year later when the patient had symptoms of acute pyelonephritis 
shows diminished opacification of duplicated pelvocalyceal system of 
the left kidney 
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2. Acute Pyelonephritis: US and Doppler US Findings 


Fig. 2.2 Acute pyelonephritis in a 51-year-old woman. (A) Transverse 
US of the right kidney shows globular swelling of the kidney and focal 
hyperechoic lesion (arrows). (B) Color Doppler US reveals decreased 
blood flow in the renal parenchyma 


Fig. 2.1 US of acute pyelonephritis before and after treatment in a 
57-year-old man. (A) US of the right kidney shows diffuse renal 
enlargement. The renal parenchymal echogenicity is heterogeneously 
increased. (B) Contrast enhanced CT shows globular swelling and mul- 
tiple wedge-shaped perfusion defects (arrows) in the right kidney. 
(C) Follow-up US obtained after 1 year shows normal size and echoge- 
nicity of the right kidney 
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Fig. 2.4 Spectral Doppler US finding of acute pyelonephritis in 
a 20-year-old woman. (A) US of the left kidney shows diffuse enlarge- 
ment of the kidney with decreased parenchymal echogenicity. 
(B) Spectral Doppler US shows elevated resistive index of 0.82. 
(C) Follow-up spectral Doppler US after 1 week of treatment shows 
normalized resistive index of 0.57 


Fig. 2.3 Acute pyelonephritis in a 49-year-old woman. (A and B) 
Color (A) and power (B) Doppler US images in longitudinal plane 
show decreased blood flow in the upper and interpolar regions (arrows) 
of the right kidney. (C) Contrast enhanced CT shows multiple wedge- 
shaped perfusion defects (arrows) in both kidneys 
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3. Acute Pyelonephritis: CT Findings 


CT findings of acute pyelonephritis in a 29-year-old woman. 
(A and B) Contrast-enhanced CT scans show diffuse enlargement of the 
Acute pyelonephritis in a 59-year-old woman. (A) Corticome- right kidney with multiple, striated, low-attenuated lesions (arrows) 
dullary phase CT shows delayed enhancement of renal cortex in the right 
kidney compared with the left kidney. Note several perfusion defects 
regions (arrows) in the posterior portion of the right kidney. (B) Excretory- 
phase CT shows delayed excretion in the right kidney. Note excreted 
contrast material in the left renal pelvis (arrow) 
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Fig.3.3 Acute pyelonephritis in a 64-year-old diabetic woman. (A and B) 
Contrast-enhanced CT in corticomedullary (A) and excretory (B) phases 
show wedge-shaped, streaky, low-attenuated lesions (arrows) in the 
enlarged right kidney. Note thickened renal fasciae (arrowheads) around 
the right kidney 


i | Acute pyelonephritis in a 61-year-old woman. (A and B) 
Contrast-enhanced CT scans in transverse and coronal planes in excre- 
tory phase show multiple, round or wedge-shaped, low-attenuated 
lesions in right kidneys. Note that some lesions accompany mild con- 
tour bulging (arrowheads) 


Illustrations 


Fig. 3.5 Acute pyelonephritis in a 73-year-old man. (A and B) aspect of the right kidney mimicking a renal tumor. Note prominent 
Nonenhanced (A) and contrast-enhanced (B) CT scans show ill-defined,  perirenal streaky opacities and fascia thickening (arrowheads) 
round, low-attenuated contour-bulging lesion (arrow) in the anterior 


Fig. 3.6 Findings of acute pyelonephritis on delayed CT in a 74-year- (C and D) Delayed CT scans taken 6 h later without further injection of 
old woman. (A and B) Contrast-enhanced CT scans show enlarged right contrast material show retained contrast material (arrows) in the area of 
kidney with multiple, wedge-shaped lesions of low attenuation (arrows). poor enhancement at initial CT 
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4. Acute Pyelonephritis: Hematogenous Origin 


F .1 Acute pyelonephritis of hematogenous origin in a 38-year-old 
diabetic woman. (A and B) Contrast-enhanced CT scans show enlarged 
right kidney and innumerable, small, low-attenuated lesions in the 
peripheral cortex (arrows). Also note similar lesions in the left kidney 
(arrows). (C) Longitudinal US of the right kidney shows the lesions as 
small hypoechoic nodules (arrows) in the peripheral cortex. Note that 
the echogenicity of the renal cortex is diffusely increased. E. coli was 
found in the urine and blood 
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1.2 Acute pyelonephritis of hematogenous origin with multiple 
small abscesses in a 64-year-old diabetic man. (A) US of the right kidney 
in sagittal plane shows diffuse renal enlargement and multiple hypoechoic 
lesions (arrows) in the peripheral renal parenchyma. (B and C) Contrast- 
enhanced CT shows diffuse enlargement of both kidneys and multiple, 
low-attenuated lesions in the peripheral renal cortex 
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5. Renal Abscess 


Fig. 5.1 Acute pyelonephritis and renal abscess in a 49-year-old 
woman. (A) US of the left kidney in transverse plane shows a round, 
thick-walled, anechoic lesion. (B) Power Doppler US of the left kidney 
reveals markedly decreased renal blood flow due to acute pyelonephri- 
tis. Note mildly increased blood flow (arrow) surrounding the cystic 
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lesion. (C and D) Contrast-enhanced CT shows multiple wedge-shaped 
perfusion defects (arrows) in both kidneys and two, round, low- 
attenuated, nonenhancing lesions (asterisks in D) in the left kidney. 
Note faint hypoechoic rim (arrows in D) around the lesion representing 
surrounding inflammation 
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ig. 5.2 Renal abscess in a 67-year-old woman. (A and B) Contrast- 
enhanced CT scans show a low-attenuated, nonenhancing lesion (arrow) 
in the left kidney. Note thickened renal fascia (small arrows) 


Fig. 5.3 Renal abscess with perirenal extension in a 36-year-old man. 
(A) US of the right kidney in transverse plane shows an ill-defined, 
hypoechoic lesion (arrow) in the posteromedial aspect of the right kid- 
ney. (B) Contrast-enhanced CT shows a low-attenuated abscess (arrow) 
in the right kidney. Note extension of the abscess to the perirenal space 
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Fig.5.4 Renal abscess caused by cyst infection in a 65-year-old woman. (arrow) with heterogeneous internal echo in the anterior aspect of the 
(A) Contrast-enhanced CT shows a low-attenuated lesion with thick wall right kidney. (D) CT scan obtained 6 months before reveals a well-defined 
(arrow) in the right kidney. (B and C) US (B) and color Doppler US cystic lesion with thin wall in the same area of the right kidney 

(C) of the right kidney in transverse plane shows a thick-walled lesion 
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F 5 Renal abscess caused by infection of calyceal diverticulum in 
a 38-year-old woman. (A) Precontrast CT scan shows a low-attenuated 
lesion with milk of calcium (arrow) in the right kidney suggesting a 
calyceal diverticulum. (B) Contrast-enhanced CT scans show a low- 
attenuated lesion with thick wall (arrow) in the right kidney. Note faint 


low-attenuated rim (arrowheads) around the lesion representing sur- 
rounding inflammation. (C) Fluoroscopy-guided percutaneous catheter 
drainage was performed. (D) Follow-up CT scan reveals decreased size 
and disappeared inflammation of the diverticulum. Note focal indenta- 
tion of renal contour due to cortical scar (arrow) 
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6. Emphysematous Pyelonephritis 
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Fig. 6.1 Bilateral emphysematous pyelonephritis in an 80-year-old 
diabetic woman. (A) Longitudinal US of the right kidney shows poor 
delineation of the right kidney due to dense echoes accompanying 
posterior sonic shadowing (asterisk) due to gas in the kidney. (B) 
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Longitudinal US of the left kidney shows perirenal fluid collection and 
small dense echoes (arrows) in the kidney representing gas. (C and D) 
Non-enhanced CT scans show extensive gas collection in the paren- 
chyma of both kidneys and perirenal spaces 


Fig. 6.2 Emphysematous pyelonephritis in a 53-year-old diabetic woman. 
(A) Emphysematous pyelonephritis. Plain radiograph of the abdomen 
shows characteristic parenchymal gas (long white arrow) in the right 
kidney. The subcapsular (small white arrows) and perirenal (small black 
arrows) gas is also present. (B) Contrast-enhanced CT shows extensive 
gas collection in the parenchyma of the right kidney and subcapsular 
space 
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Fig. 6.3 Emphysematous pyelonephritis in a 78-year-old diabetic 
woman. (A and B) Contrast-enhanced CT scans in transverse (A) and 
coronal (B) planes show staghorn stone and gas in the right pelvoca- 
lyceal system (small arrows). Note irregular wall thickening and gas in 
the gall bladder (arrow) suggesting emphysematous cholecystitis 
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7. Pyonephrosis 


7.2 Pyonephrosis in a 69-year-old woman who had recurrent cer- 
vical cancer. (A) US of the left kidney shows markedly dilated calyces 
filled with echogenic fluid. (B) Nonenhanced CT shows markedly 
dilated pelvocalyces of the left kidney. Note double J ureteral stent in 
the right renal pelvis (arrow) 


Fig. 7.1 Pyonephrosis in a 67-year-old woman with ureteropelvic 
junction obstruction. (A) US of the right kidney shows markedly dilated 
calyces filled with echogenic fluid and debris (arrows). (B) Contrast- 
enhanced CT shows markedly dilated pelvocalyces of the right kidney 
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8. Chronic Pyelonephritis 


A 


Chronic pyelonephritis in a 40-year-old woman. (A) IVU  Contrast-enhanced CT scans reveal focal thinning of the renal paren- 
shows small left kidney with parenchymal scars (arrows). Note club-  chyma (arrows) with clubbing of adjacent calyces (asterisks) 
bing of the calyces adjacent to the parenchymal scars. (B and C) 
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Fig. 8.2 Chronic pyelonephritis in a 45-year-old woman. (A and B) Contrast-enhanced CT scans in coronal plane show small lobulated left kid- 
ney with dilated calyces (arrows in B) and thinning of overlying renal parenchyma 
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V1 = 0.443m/s 
V2 = 0.184m/s 
RI = 0.58 

S/D =2.41 
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Chronic pyelonephritis in a 36-year-old man. (A and B) right kidney shows focal compensatory hypertrophy in the interpolar 
Contrast-enhanced CT scans show hypertrophied parenchyma due to area (arrows). (D) Color Doppler US show no different blood flow in 
compensatory hypertrophy (arrows) in the interpolar region and lower the hypertrophied area. (E) Spectral Doppler US obtained at that area 
pole of right kidney that may mimic tumors. Note focal thinning of the shows normal resistive index of 0.58 
adjacent renal parenchyma (arrowheads). (C) Longitudinal US of the 
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F Chronic pyelonephritis with echogenic parenchymal scarina interpolar area. Note that this lesion may mimic an echogenic tumor 
54-year-old man. (A) Longitudinal US of the right kidney shows loss of such as angiomyolipoma. (B) Contrast-enhanced CT reveals focal thin- 
normal renal parenchyma replaced by echogenic scars (arrow) in the ning of the renal parenchyma (arrow) 


) A 49-year-old woman with chronic pyelonephritis due to from posterior shows small lobulated right kidney with markedly 
vesicoureteral reflux. (A and B) Contrast-enhanced CT scans reveal decreased radioactivity. (D) Voiding cystourethrogram shows vesi- 
focal thinning of the renal parenchyma with clubbing of adjacent caly-  coureteral reflux to the right kidney with calyceal blunting (arrows) 
ces (arrows). (C) Dimercaptosuccinic acid (DMSA) radioisotope scan 
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9. Xanthogranulomatous Pyelonephritis 


Fig.9.1 Xanthogranulomatous pyelonephritis in a 47-year-old woman. the renal pelvis (arrow in B) and thickening of the renal fasciae (small 
(A and B) Contrast-enhanced CT scans show enlarged left kidney and arrows) 
dilated calyces filled with low-attenuated material. Note a large stone in 


Fig.9.2 Xanthogranulomatous pyelonephritis in a 4-year-old boy. (A)  Contrast-enhanced CT scans in transverse (C) and coronal (D) planes 
US of the right kidney in longitudinal plane shows enlarged kidney and show enlarged right kidney and dilated calyces with low-attenuated 
dilated calyces filled with heterogeneous echogenic material. (B) Power material. Note a stone in the renal pelvis (arrow) 

Doppler US shows decreased intrarenal blood flows. (C and D) 
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9.2 (continued) 


Fig. 9.3 Focal xanthogranulomatous pyelonephritis in a 33-year-old fascia (arrows). (B) Contrast-enhanced CT in coronal plane shows a 
man. (A) Contrast-enhanced CT in transverse plane shows a round mass lesion with heterogeneous attenuation in the left kidney. Note 
contour-bulging mass lesion with heterogeneous attenuation in the left multiple stones with calyceal dilatation at the upper pole (arrows) 
kidney. Note streaky opacities in the renal sinus and thickening of renal 
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Fig. 9.4 Focal xanthogranulomatous pyelonephritis in a 71-year-old attenuation in the upper pole region of the left kidney. (C) PET-CT scan 
diabetic woman. (A and B) Contrast-enhanced CT scans in transverse shows a very high uptake (arrow) in the mass mimicking malignant 
(A) and coronal (B) planes show an exophytic mass with heterogeneous tumor 
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10. Malakoplakia 


Malacoplakia of the kidney in a 52-year-old woman. (A and B) kidney. (D and E) Contrast-enhanced CT scans show an ill-defined, low- 
US images in longitudinal (A) and transverse (B) planes show an ill- attenuated, hypoenhancing mass (arrow) in the left kidney. Under the 
defined, hypoechoic mass (arrows) in the lower pole of the left kidney. impression of a renal tumor, surgery was performed, which revealed 
(C) Non-enhanced CT shows slightly enlarged lower pole of the left  malakoplakia on pathologic examination 
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11. Fungal Infection 


Candidiasis in a 7-year-old diabetic boy. (A) Longitudinal 
Candidiasis involving the kidneys, liver, and spleen in a US of the right kidney shows swelling of interpolar and lower pole 
21-year-old woman with lymphoma. (A and B) Contrast-enhanced CT regions with heterogenous echogenicity (arrows). (B) CT scan shows a 
scans show multiple, tiny, low-attenuated lesions in the liver, spleen, less-enhanced, ill-defined lesion (arrow) with multiple tiny low- 
and both kidneys (arrows in B) representing microabscesses caused by attenuated foci caused by Candida infection 
Candida infection 
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Fig. 11.3 Candida fungus ball in a 61-year-old man with sigmoid colon cancer. (A-C) Contrast-enhanced CT scans in transverse (A) and coronal 
(B and C) planes show multiple filling defects (arrows) in the renal pelvis and calyces 
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Introduction 


Seong Kuk Yoon and Seung Hyup Kim 


Tuberculosis remains a major public health problem and is 
the most common fatal infectious disease in the world. More 
than 2 billion people, equal to one third of the world’s popula- 
tion, are currently infected and more than 1.3 billion people 
die from tuberculosis. Extrapulmonary tuberculosis (EPTB) 
refers to disease outside the lungs. About 15-20% of tubercu- 
losis cases are extrapulmonary. EPTB has become more com- 
mon due to coinfection with human immunodeficiency virus 
(HIV) and the advent of acquired immunodeficiency syn- 
drome. In HIV-positive patients, EPTB account for more than 
50% of all cases of tuberculosis. About 30% of cases of EPTB 
involve the genitourinary tract. Fewer than 5% of patients 
with urogenital tuberculosis have concomitant active pulmo- 
nary tuberculosis, and only 25-50% have evidence of a lung 
abnormality on chest radiographs. Hematogenous dissemina- 
tion from an active site of infection results in urogenital tuber- 
culosis. Active urogenital tuberculosis usually develops 
5-25 years after the primary pulmonary infection and occurs 
most commonly in the 20-50-year age group. 


Pathophysiology 


Tuberculosis of the kidney results from hematogenous dis- 
semination of Mycobacterium tuberculosis in the glomerular 
and peritubular capillary bed from a pulmonary site of pri- 
mary infection. The bacilli cause formation of numerous 
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small abscesses in both kidneys. If cellular immunity of the 
host is intact, there is inhibition of bacterial duplication with 
the subsequent formation of multiple small healed granulo- 
mas in the renal cortex. If host immunity is impaired, reacti- 
vation of the cortical granulomas may occur. Capillary rupture 
results in delivery of bacilli to the loops of Henle with subse- 
quent development of enlarging, caseating granulomas and 
papillary necrosis. Communication of the granulomas with 
the collecting system can spread from the bacilli into the 
infundibula, renal pelvis, ureter, urinary bladder, and genital 
organs. The host's healing process induces fibrosis, calcifica- 
tion, and stricture formation, which may contribute signifi- 
cantly to obstruction and progressive renal dysfunction. 
Massive parenchymal destruction may produce large coales- 
cent granulomas containing caseous or calcific material. If 
the hydronephrotic kidney becomes nonfunctioning, exten- 
sive dystrophic calcification may form a cast of the kidney, 
referred to as an autonephrectomized kidney. Perirenal and 
pararenal extension may extend across retroperitoneal fascial 
planes and create fistulas to the skin or gastrointestinal tract. 


Imaging 


Imaging studies can help the diagnosis of urogenital tubercu- 
losis, although cultures and histologic analysis are required 
for definitive diagnosis. Other roles of imaging are to assess 
the extent of the disease, to monitor the effect of treatment, 
and to detect complications. Conventional radiography may 
demonstrate renal calcifications, occurring in 24-44% of 
patients. Extensive parenchymal calcification in a nonfunc- 
tioning, autonephrectomized kidney may be a clue of end- 
stage tuberculosis. Calcifications may also be amorphous, 
granular, or curvilinear in shape within the renal bed. 
Intravenous urography (IVU) can show a broad range of 
findings, depending on the severity of infection. Early find- 
ings are best detected on IVU or retrograde pyelography 
(RGP). Ultrasonography (US), computed tomography (CT), 
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and magnetic resonance (MRI) do not have spatial resolution 
to demonstrate minor papillary and urothelial changes that 
are features of early renal tuberculosis. CT is useful in deter- 
mining the extent of renal and extrarenal spread of infection 
and retroperitoneal involvement. Cross-sectional imaging 
including US, CT, and MRI can provide information of 
changes in the renal parenchyma, adjacent organs, and geni- 
tal organs that is not visible on IVU. 


Renal Tuberculosis 


During the initial stage of dissemination, cortical lesions, 
unless calcified, are usually too small to be imaged. The most 
common CT finding is renal calcification (50% of cases), 
which may be amorphous, granular, curvilinear, or lobar. 
When a calyx is involved, a slight loss of sharpness of the 
calyx, which probably represents mucosal edema, may be 
seen. On IVU, the earliest finding is an irregularity of the pap- 
illary tip due to necrotizing papillitis and erosion (“moth- 
eaten” calyx). Progressive enlargement of the tuberculoma 
and its caseation and rupture into the adjacent calyx result in 
an irregular cavity with resultant findings of renal papillary 
necrosis. Parenchymal cavity may be detected as irregular 
pools of contrast material. Involvement of the calyceal 
infundibulum and renal pelvis begins with mucosal tubercles 
and ulcerations, and then progresses to fibrosis with infundib- 
ular narrowing and scarring of the renal pelvis resulting in 
uneven caliectasis or incomplete opacification of the calyx 
(phantom calyx). Hydronephrosis tends to have irregular mar- 
gins and filling defects due to caseous material. Characteristic 
calcifications in a lobar distribution are often seen in end-stage 
tuberculosis. End-stage fibrosis and subsequent obstructive 
uropathy produce autonephrectomy. Renal tuberculosis may 
spread into the perirenal area and cause an extrarenal tubercu- 
lous abscess, which may in turn cause fistulous communica- 
tion with other retroperitoneal or intraperitoneal organs or 
even may drain spontaneously to the skin or bowel. 


Ureteral Tuberculosis 


Ureteral tuberculosis occurs due to the downstream passage of 
infected urine. Ureteral involvement with tuberculosis is rarely 
found in the absence of severer renal changes. Involvement is 
most common in the distal third of the ureter. Dilatation and a 
ragged mucosal irregularity (““saw-tooth” appearance) of the 
ureter are the first signs of ureteral tuberculosis. Mucosal nod- 
ules and ulceration occur with thickening of the ureteral wall, 
fibrosis, and calcification. Multiple filling defects due to 
mucosal granulomas may be seen. As the disease progresses, 
the ureter becomes stricture and eventually forms a straight, 
rigid tube. The process of destruction followed by fibrotic 
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healing causes the characteristic “beaded,” “corkscrew,” or 
“pipe stem” appearance of the ureter. The ureterovesical ori- 
fice may become gaping, leading to reflux from the bladder. 
Ureteral wall calcifications are an infrequent finding in ure- 
teral tuberculosis. Fibrosis causing the strictures represents 
healing of tuberculous ulcerations, and this may also develop 
during appropriate chemotherapy. Early scarring may be 
reversible by steroid therapy, but late fibrotic strictures are 
irreversible with medical treatment. Dilatation and stenting of 
ureteral strictures may regain or retain ureteral patency and 
salvage a kidney. Antegrade dilation of the urinary tract com- 
bined with ureteral stenting would be an effective technique 
for the management of tuberculous strictures of the urinary 
tract. 


Tuberculosis of Urinary Bladder and Urethra 


Cystitis develops in about one third of patients with tuberculo- 
sis of the upper urinary tract, usually late in the course of the 
disease. Almost all cases of bladder involvement by tuberculo- 
sis result from the downward spread of disease along the uri- 
nary tract. Coalescence of mucosal tubercles produces 
superficial ulceration that is usually shallow and irregular with 
undermined edges. Tuberculous cystitis commonly manifests 
as reduced bladder volume with wall thickening, ulceration, 
and filling defects due to granulomas. In advanced disease, the 
bladder may be shrunken, irregular, and calcified (“thimble 
bladder”). Calcified tuberculous cystitis must be differentiated 
from schistosomiasis, cystitis due to cyclophosphamide, amy- 
loidosis, radiation-induced cystitis, and calcified bladder car- 
cinoma. Advanced bladder involvement may be complicated 
by vesicoureteral reflux due to fibrosis involving the ureteral 
orifice. Urethral tuberculosis is uncommon and usually occurs 
secondary to prostatic or renal infection. It may result in non- 
specific stricture, fistula, and urinary incontinence. 


Adrenal Tuberculosis 


Adrenal tuberculosis is the most common cause of adrenal 
insufficiency (Addison’s disease). On CT, it manifests as 
unilateral or bilateral adrenal enlargement, central necrosis, 
or calcifications. Adrenal atrophy with calcification may be 
seen in patients with healed prior tuberculosis. 


Male Genital Tuberculosis 


The prostate and epididymis are the most common sites for 
tuberculous involvement of the male genital tract. Tuberculosis 
can involve the prostate as a form of prostatitis or abscess. 
On US, tuberculous prostatitis shows hypoechoic areas and 
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increased vascularity, similar to that of prostate cancer. In 
patients with prostatic abscess, MRI reveals a peripheral 
enhancing cystic lesion and diffuse, radiating, streaky areas of 
low signal intensity (“watermelon skin sign”) on T2-weighted 
images. Tuberculosis of the seminal vesicles and the vas def- 
erens is characterized by wall thickening, contraction, or 
intraluminal or wall calcifications. Epididymal infection can 
occur from hematogenous seeding, lymphatic spread, or ret- 
rograde canalicular spread via the vas deferens. Tuberculous 
epididymitis usually start at the tail portion and can spread 
to the entire duct. On US, the epididymis shows enlarge- 
ment with heterogeneous echotexture. US findings of asso- 
ciated testicular involvement consist of a diffusely enlarged 
hypoechoic testis, multiple intratesticular hypoechoic nod- 
ules, ill-defined focal intratesticular hypoechoic areas, or an 
irregular margin between the testis and epididymis. 


Female Genital Tuberculosis 


In women, genital tuberculosis is an important cause of infer- 
tility because fallopian tubes are affected in 94% of these 
patients. Tuberculous salpingitis caused by hematogenous 
spread is almost always bilateral. Also, lymphatic spread 
from peritoneal implants or direct extension from an intesti- 
nal lesion may be the source. Multiple strictures, hydrosal- 
pinx, pyosalpinx, or calcifications are observed in the fallopian 
tubes. The ovary may be involved by direct extension of a 
tubal lesion, resulting in tubo-ovarian abscess, which may 
also contain adherent omentum and intestine and can extend 
through the peritoneum in the extraperitoneal compartment. 


Peritoneal Tuberculosis 


Although tuberculous peritonitis is thought to originate pri- 
marily from hematogenous dissemination or lymphatic 
spread from diseased lymph nodes, intestine, or solid organs, 
direct spread is possible from the fallopian tube. Three types 
of tuberculous peritonitis have been divided. The wet type is 
the most common type and is characterized by a large amount 
of free or loculated ascites. On CT, the ascites reveals high 
attenuation (25—45 HU) related to the high protein content of 
the fluid. The fibrotic-fixed type is characterized by large 
omental and mesenteric cake-like masses, adhesions of mes- 
entery, matting of bowel loops and mesentery, and loculated 
ascites. The dry type is characterized by mesenteric thicken- 
ing, fibrous adhesions, and caseous nodules. Similar findings 
may occur with peritoneal carcinomatosis, mesothelioma, or 
nontuberculous peritonitis. On CT, smoothly thickened peri- 
toneum and pronounced enhancement suggests tuberculous 
peritonitis, whereas nodular implants and irregular perito- 
neal thickening suggest peritoneal carcinomatosis. 
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1. Renal Tuberculosis: Initial Dissemination and Healed Granulomas 


Fig. 1.1 Calcified, healed renal granulomas in a 23-year-old woman 
with history of pulmonary tuberculosis. (A) CT scan at the level of kid- 
neys shows multiple tiny nodular calcifications (arrowheads) in both 
kidneys, suggesting calcified cortical granulomas that were formed in 
the initial stage of dissemination. Also note calcifications in the spleen 
and lymph nodes. (B) CT scan at the level cranial to part A shows low- 
attenuated lesions with calcification in the peripheral portion of the liver 
(arrows). Also note mottled, dense calcifications in the spleen (From 
Kim 2000) 


2 Healed renal granuloma in a 31-year-old man with history of 
pulmonary tuberculosis. (A and B) Longitudinal (A) and transverse (B) 
US images of the right kidney show a small, echogenic lesion in the 
peripheral cortex (arrow), which is probably a healed tuberculous 
granuloma 
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Fig. 1.3 Calcified, healed renal granuloma in a 33-year-old man. (arrow). Right kidney has a dilated calyx (asterisk) due to renal tuber- 
(A and B) Nonenhanced (A) and contrast-enhanced (B) CT scans show  culosis. Also note a small calcification in a papillary region of the right 
a round, calcified nodule in the peripheral cortex of the left kidney kidney (arrowhead) 
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2. Renal Tuberculosis: Early IVU Findings 


Fig. 2.1 Early renal tuberculosis in a 31-year-old man. (A) A 15-min  arrowing (small arrow) with caliectasis in the upper pole. (B) Contrast- 
IVU shows multiple calyceal irregularities with moth-eaten appearance enhanced CT scan taken 2 years later shows multiple calyceal dilatation 
(arrow) in the lower pole of the right kidney. Also note infundibular (arrows) in the lower pole of the right kidney 
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3. Renal Tuberculosis: Papillary Necrosis 


Fig. 3.1 Early reactivation tuberculosis with papillary necrosis in a  ctomy and renal tuberculosis was confirmed. (B) Follow-up CT scan 
52-year-old man. (A) Contrast-enhanced CT scan shows focal area of taken 6.5 years later shows multiple low attenuated lesions (arrows) in 
decreased nephrogram and parenchymal atrophy with calcification in the medullary regions of the right kidney, suggesting papillary necrosis 
the lower pole of the right kidney. The patient underwent simple nephre- 


Fig. 3.2 Early reactivation tuberculosis with papillary necrosis in a swelling and multiple hypoperfused areas in the right kidney. Also note 
61-year-old woman. (A) Nonenhanced CT scan shows multiple tiny small low attenuated nodule (arrow) in the peripheral cortical area in 
calcifications in the liver. (B) Contrast-enhanced CT scan shows a pap- _ the right kidney 

illary necrosis in the medullary region (small arrow) with diffuse renal 


434 9 Urogenital Tuberculosis 


4. Renal Tuberculosis: Cavity Formation 


Fig. 4.1 Renal tuberculosis with cavity formation in a 57-year-old (D) CT scans show a cystic lesion with irregular, partial filling of the 
man. (A) Longitudinal US shows a cystic lesion in the upper pole of the contrast materials in the medullary region of the left kidney (arrow). 
left kidney. (B) Follow-up US taken 2 years later shows increased size (E and F) Follow-up CT scans taken 2.5 years later show increased size 
of the cystic lesion. (C and D) Contrast-enhanced axial (C) and coronal of the cavity (arrow) and caliectasis in the left kidney 
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5. Renal Tuberculosis: Infundibular Stenosis and Caliectasis 


Fig. 5.2 Renal tuberculosis with uneven caliectasis in a 38-year-old 
woman. Contrast-enhanced CT scan at the level of right renal hilum 
shows multiple uneven dilated calyces and parenchymal atrophy with 


pelvic contraction (arrow) 


Fig. 5.1 Renal tuberculosis with infundibular stenosis in a 33-year-old 
woman. (A and B) Contrast-enhanced axial (A) and coronal (B) CT 
scans show multiple caliectasis (arrow) in the upper pole of the left 
kidney. (C) Nephrostogram taken after percutaneous nephrostomy 
shows infundibular narrowing (arrow) with multiple caliectasis in the 
upper polar area 
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Fig.5.3 Renal tuberculosis with progression of caliectasis in a 57-year- (C and D) Follow-up US (C) and CT scan (D) taken 2 years later show 
old man. (A and B) Longitudinal US (A) and contrast-enhanced CT aggravation of uneven caliectasis (arrow) in the right kidney 
scan (B) show multifocal uneven caliectasis (arrow) in the right kidney. 
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6. Renal Tuberculosis: Phantom Calyx 


j. 6.2 Phantom calyx in a 36-year-old man. (A) IVU shows no 
opacification of the lower calyces (arrow) of the left kidney. Also note 
contracted renal pelvis and caliectasis of the upper pole. (B) Contrast- 
enhanced coronal CT scan shows multiple uneven calyceal dilatation 
and severe infundibular narrowing (arrow) in the lower pole of the left 
kidney 


Fig. 6.1 Phantom calyx due to renal tuberculosis in a 47-year-old man. 
(A) Initial nephrostogram shows severe calyceal irregularities owing to 
extensive papillary necrosis and no passage of contrast materials into the 
left ureter. (B) Follow-up nephrostogram taken 3 months later shows focal 
caliectasis due to infundibular narrowing in the upper pole. (C) Follow-up 
nephrostogram taken 4 years later shows no opacification of the upper 
calices and smooth margin of the amputated infundibulum (arrow) 
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7. Renal Tuberculosis: Abscess and Fistular Formation 


Fig. 7.1 Renal tuberculosis with abscess and fistular formation in a 
60-year-woman. (A and B) Longitudinal US of the left kidney (A) and 
US of subcutaneous area of the left flank area (B) show a large abscess 
(arrows) in the left perirenal space and fistular tract (small arrow) 
between the perirenal abscess and skin. (C) Contrast-enhanced CT scan 


at the level of interpolar area of the left kidney shows a thick-walled 
cystic lesion (arrow) compressing the left renal kidney. (D) Contrast- 
enhanced CT scan at a lower level shows a tubular enhancing fistular 
tract (arrows) in the left flank area 
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Fig. 7.2 Postoperative abscess after partial nephrectomy for renal enhancing wall (arrow) in the posterior aspect of the kidney. 
tuberculosis in a 31-year-old man. (A) Contrast-enhanced CT scan at (B) Contrast-enhanced CT scan after US-guided aspiration shows 
the level of right renal hilum shows a cystic lesion with thickened decreased size of the abscess 
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8. Renal Tuberculosis: Calcified Lesions 


F 3-2 Renal tuberculosis with lobar calcification in a 38-year-old 
man. (A) Nonenhanced CT scan shows ovoid calcified lesion in the 
anterior aspect of the left kidney (arrow). Also note a nephrostomy 
catheter. (B) Contrast-enhanced CT scan shows a parenchymal calcifi- 
cation and focal caliectasis with cortical scar in the left kidney 


Fig.8.1 Renal tuberculosis with calcification in a 73-year-old woman. 
(A and B) Nonenhanced axial (A) and coronal (B) CT scans show mul- 
tifocal irregular calcifications along the inner margin of the dilated pel- 
vocalyceal system in the left kidney 
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Fig. 8.3 Renal tuberculosis with calcified tuberculoma in a 45-year- right kidney. (B) Nonenhanced CT scan shows an ovoid, dense calcified 
old woman. (A) Longitudinal US shows a well-defined hyperechoge- mass (arrow) and renal atrophy in the right kidney 
nicity with posterior shadowing (arrow) in the interpolar area of the 
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Fig. 9.1 Calcified autonephrectomy state of the right kidney in a 
46-year-old woman. Nonenhanced CT scan shows densely calcified, 
nonfunctioning right kidney and multiple calcified granulomas (arrows) 
in the left kidney. Also note kyphosis and multiple calcified granulomas 
in the liver and spleen (small arrows) 


2 Putty kidney in the 40-year-old woman. (A) Nonenhanced CT 
scan shows atrophy with calcifications in the right kidney. (B) Contrast- 
enhanced CT scan shows nonfunctioning right kidney without renal 
parenchymal enhancement 


Illustrations 


Fig. 9.3 Calcified autonephrectomy state of the right kidney in a 
60-year-old man. (A) Plain radiography shows nearly total calcified 
right kidney (arrows). (B) Longitudinal US shows hyperechogenicity 
(arrows) with posterior shadowing of the kidney, suggesting calcified 
lesion. (C) Contrast-enhanced CT scan shows multiple irregular renal 
contours with dense calcification in the right kidney. (D) T1-weighted 


axial MR image shows renal parenchymal atrophy and scars with signal 
void (arrow), suggesting calcification in the right kidney. (E and F) 
T2-weighted axial (E) and coronal (F) MR images show decreased sig- 
nal intensity and signal void with lobulation of the right renal contour. 
(G and H) Contrast-enhanced axial (G) and coronal (H) MR images 
shows no enhancement in the right kidney 
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Fig. 9.3 (continued) 
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10. Ureteral Tuberculosis 


Fig. 10.1 Ureteral tuberculosis in a 47-year-old man. (A and B) (arrows). (C) Follow-up contrast-enhanced CT scan taken 5 months 
Contrast-enhanced CT scans show diffuse pelvic and ureteral wall after antituberculous medication shows improvement of the left ureteral 
thickening with enhancement (arrows) and caliectasis in the left kidney wall thickening with enhancement (arrows) 
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Fig. 10.2 Ureteral tuberculosis in a 38-year-old woman. (A and B) kidney. Also note aperistaltic stricture in the left distal ureter (arrows). 
Nephrostogram shows mucosal irregularities and luminal narrowing (C) Contrast-enhanced CT scan shows multifocal strictures in the left 
(arrows) in the left upper ureter and multiple caliectasis in the left upper ureter (arrows) 
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Fig. 10.3 Ureteral tuberculosis in a 40-year-old woman. RGP 
shows beaded appearance of the left upper ureter (arrows). Also 
note multiple caliectasis and pelvic contraction in the left kidney 
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l Ureteral tuberculsis in a 63-year-old woman. RGPs (A and B) show corkscrew appearance of the left upper ureter (arrows) and cali- 
ectasis of the left kidney 
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Fig. 10.5 Ureteral tuberculosis in a 38-year-old man. RGP shows 
pipe-stem appearance with long segment stricture of the left ureter 
(arrows) 
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0.6 Ureteral tuberculosis with ureteral calcifications in a 


73-year-old woman. (A and B) Nonenhanced CT scans show circum- 
ferential and tubular calcifications along the left ureter (arrow) 


Fig. 1 
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11. Ureteral Tuberculosis with Vesicoureteral Reflux 


Contracted urinary bladder with vesicoureteral reflux due to 
tuberculosis. VCU shows contracted urinary bladder with severe vesi- 
coureteral reflux on the right side due to old tuberculosis 


Tuberculosis of the right urinary tract and urinary bladder 
with contralateral vesicoureteral reflux in a 34-year-old woman. (A) 
Contrast-enhanced CT scan at the level of the kidney shows bilateral 
hydronephrosis, more severe on right. Note that right renal pelvis is 
contracted whereas the left renal pelvis is dilated. (B) CT scan at lower 
level shows narrowed right ureter with thickened enhancing wall (black 
arrow) and dilated left ureter (white arrow). (C) VCU shows severe 
vesicoureteral reflux on the left side, which is probably not due to tuber- 
culosis on left urinary tract but due to tuberculosis of the bladder 


Illustrations 
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12. Ureteral Tuberculosis: Percutaneous Ureteroplasty 


Fig. 12.1 A 31-year-old woman with tuberculous stricture of the left 
ureter. (From Kim 2000.) (A) Initial IVU shows hydronephrosis and 
hydroureter on the left side with distal ureteral stricture (arrow). 
(B) Tubogram obtained following percutaneous nephrostomy shows 
complete obstruction of the left distal ureter (arrow). (C) Occluded ure- 


ter was negotiated with a guide wire and a catheter. (D) Narrowed por- 
tion of the ureter was dilated with a balloon (arrows), and a ureteral 
stent was placed for 4 weeks. (E) Follow-up IVU taken 6 months later 
shows marked improvement 
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Fig. 12.1 (continued) 


Illustrations 
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A 48-year-old man with tuberculosis of left kidney with ure- 
teral stricture. (A) Initial IVU shows caliectasis, infundibular narrow- 
ing, contracted pelvis, and hydroureter on the left side. (B) 
Antituberculous medication was started. At the same time, percutane- 
ous nephrostomy was performed and distal ureteral stricture was dilated 


453 


with a balloon. Afterwards, an internal-external ureteral stent was 
inserted and kept until 3 months after completion of antituberculous 
medication. (C) Follow-up IVU taken 2 years later shows marked 
improvement with subtle residual changes of renal tuberculosis in the 
left kidney 
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Fig. 12.2 (continued) 
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13. Bladder Tuberculosis: Early Changes 


Fig. 13.2 Acute tuberculosis of the bladder in a 40-year-old woman. 
(A) Contrast-enhanced CT scan shows diffuse wall thickening with 
enhancement in the bladder (arrows). The patient also suffered from 
renal tuberculosis. (B) Follow-up contrast-enhanced CT scan taken 
3 months after antituberculous medication shows improvement of dif- 
fuse bladder wall thickening with enhancement 


Fig. 13.1 Bladder tuberculosis mimicking bladder tumor in a 47-year- 
old man. (A) US of the pelvis shows multiple nodular wall thickening 
in the bladder (arrows). (B) Contrast-enhanced CT scan shows multiple 
thickened walls with enhancement in the bladder (arrows). (C) 
Follow-up contrast-enhanced CT scan after 4-months antituberculous 
medication shows improvement of multiple bladder wall thickening 
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14. Bladder Tuberculosis: Late Changes 


Fig. 14.1 Bladder tuberculosis in a 48-year-old woman. (A) Bladder-filling view of IVU shows decreased volume and multiple diverticula (arrows) in 
the bladder. (B) Contrast-enhanced CT scan shows contraction and decreased capacity with multiple diverticula (arrows) in the bladder 
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15. Urethral Tuberculosis 


Fig. 15.1 Urethral tuberculosis with tuberculous prostatitis and in the bulbomembranous junction (arrow) and opacification of the 
epididymitis in a 77-year-old man. Anteroposterior (A) and lateral (B) | Cowper’s gland (small arrow) 
view of the retrograde urethrograms show abrupt stricture of the urethra 
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16. Adrenal Tuberculosis: Early Changes 


Fig.16.1 Bilateral adrenal tuberculosis in a 56-year-old man. Contrast- 
enhanced CT scan shows bilateral diffuse enlargement with central low 
attenuation of both adrenal glands (arrows) 


Fig. 16.2 Adrenal and renal tuberculosis with active pulmonary tuber- 
culosis in a 31-year-old man. (A) Contrast-enhanced CT scan at the level 
of upper pole of the left kidney shows diffuse thickening with low atten- 
uation (arrow) in the left adrenal gland. Also note multiple abscesses 
(small arrow) in both psoas muscles and bone destruction of the lumbar 
spine (small black arrow). (B) Follow-up contrast-enhanced CT scan 
after antituberculous medication shows marked improvement of thick- 
ening of the left adrenal gland (arrow) and abscess of the psoas muscle 
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17. Adrenal Tuberculosis: Late Changes 


Fig. 17.1 Adrenal tuberculosis with Addison’s disease in a 54-year- (B) and coronal (C) CT scans show diffuse dense calcifications in 
old woman. (A) Plain radiograph shows multiple amorphous calcifica- both adrenal glands (arrows). The patient clinically had adrenal 
tions in both adrenal areas (arrows). (B and C) Contrast-enhanced axial insufficiency 
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18. Tuberculosis of the Prostate and Seminal Tracts 


Fig. 18.2 Tuberculosis of the seminal vesicles in a 55-year-old man. 
Transrectal US shows thickened wall with multiple calcifications 
(arrows) in the left seminal vesicle 


Fig. 18.1 Tuberculous prostatitis in a 52-year-old man. (A) Transrectal 
US shows irregular-margined areas of decreased echogenicity in the left 
lobe of the prostate (arrows). (B) Power Doppler US shows no increased 
vascularity 


Illustrations 


19. Tuberculosis of the Scrotum 


Fig.19.1 Tuberculous epididymitis ina 15-year-old boy. (A) Longitudinal 
US of the left scrotum shows a heterogeneous hypoechoic enlargement in 
the epididymal tail (arrows). (B) Color Doppler US shows peripherally 
increased vascularity 


461 


Fig. 19.2 Tuberculous epididymitis with extension to the scrotal wall 
in a 45-year-old man. (A) US shows a well-defined hypoechoic enlarge- 
ment in the epididymal head (arrows). (B) US at the level of epididymal 
tail shows inflammatory extension to the scrotal wall (arrows) 
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Fig. 19.3 Tuberculous epididymitis with fistulous tract in a 36-year- 
old man. US shows decreased echogenicity at the tail portion with air 
bubbles (arrows) and fistulous tract (small arrows) 


Fig. 19.4 Chronic tuberculous epididymo-orchitis in a 45-year-old 
man. (A) US shows heterogeneous, hypoechoic enlarged epididymis 
(arrow) with calcification in the tail portion. (B) Color Doppler US 
shows no increased vascularity. (C) US shows multiple ill-defined 
hypoechoic nodules in the ipsilateral testis (arrows) 
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20. Tuberculosis of the Female Genital Tracts 


Fig. 20.1 Tuberculous salpingitis in a 17-year-old woman. (A) uterus. (B and C) T2-weighted (B) and contrast-enhanced T1-weighted 
Transverse US of the pelvis shows tubular cystic lesion (arrows) with (C) axial MR images show dilated fallopian tube (arrows) with diffuse 
thickened wall and echogenic debris in the posterior aspect of the | enhancement and adhesion of the tube and adnexa (small arrows) 
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Fig. 20.2 Tuberculous tubo-ovarian abscess in a 23-year-old woman. 
(A) Contrast-enhanced CT scan shows an ovoid low attenuated cystic 
lesion (arrow) in the right hepatic lobe, suggesting an abscess. (B) 
Contrast-enhanced CT scan at the level of lower pole of the left kidney 
shows a low attenuated para-aortic lymph node with enhancing rim 
(arrow). (C) Contrast-enhanced CT scan of the pelvis shows bilateral 


low attenuated masses (arrows) with peripheral enhancement. (D and E) 
Tl-weighted (D) and T2-weighted (E) axial MR images shows slightly 
high signal intensity lesions (arrows in D) compared with a gluteus 
muscle and normal appearing right ovary (arrow in E). (F) Contrast- 
enhanced T1-weighted axial MR image shows abscesses with peripheral 
rim enhancement 


Illustrations 
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21. Tuberculosis of the Retroperitoneum and Lymph Nodes 


. 21.1 Psoas abscess with tuberculous spondylitis mimicking pel- 
vic mass in a 58-year-old woman. (A and B) T2-weighted (A) and fat- 
suppressed contrast-enhanced T1-weighted (B) axial MR images show 
well-defined, thick-walled, bilateral cystic masses (arrows) without 
solid component in the pelvic cavity. (C) T2-weighted coronal MR 


image shows large tubular cystic mass with debris along the psoas mus- 
cle. (D) T2-weighted axial MR image at the level of the right kidney 
shows communication (arrows) between both cystic retroperitoneal 
masses through lumbar spine 
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Fig. 21.2 Tuberculous calcified lymph nodes in a 79-year-old woman. show multiple calcified lymph nodes in the mesentery and retroperito- 
(A) Plain radiograph shows multiple calcified mesenteric and retroperi- neum (arrows) 
toneal lymph nodes. (B and C) Axial (B) and coronal (C) CT images 


Illustrations 467 


22. Peritoneal Tuberculosis 


Fig. 22.1 Peritoneal tuberculosis in a 45-year-old woman. Contrast- 
enhanced CT scan at the level of lower pole of the right kidney shows 
diffuse peritoneal thickening and enhancement (arrows) with diffuse 
omental infiltration and thickening. A large amount of ascites is seen in 
the peritoneal cavity 


Fig. 22.2 Peritoneal tuberculosis with renal tuberculosis in a 71-year- 
old man. (A) Contrast-enhanced CT scan at the level of lower pole of 
the right kidney shows diffuse infiltration of the mesentery and omen- 
tum (arrows) and large amount of ascites. Also note calyceal dilatation 
(small arrows) of the left kidney. (B) Follow-up CT scan taken 8 months 
later with antituberculous medication shows improvement of mesen- 
teric and omental infiltration and ascites 
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23. Tuberculosis in Transplanted Kidney 


Fig.23.1 Reactivation of renal tuberculosis of the transplanted kidney collection (small arrows) around the transplanted kidney. (B) Contrast- 
in a 49-year-old woman who received renal transplantation from a enhanced CT scan shows multiple low attenuated lesions (arrows) with 
cadaveric donor. (Courtesy of Kim YW and Lee EJ at Inje University’s | decreased nephrogram in the transplanted kidney. Also note localized 
Pusan Paik Hospital.) (A) US taken 50 days after renal transplantation fluid collection with thickened wall (small arrows) around the trans- 
shows atrophy of the parenchyma (arrows) and small amount of fluid planted kidney 
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Introduction 


Dae Chul Jung and Seung Hyup Kim 


Renal papillary necrosis is not a pathologic entity but rather 
a descriptive term for a condition—necrosis of the renal 
papillae—that has various possible causes. The basic lesion 
in renal papillary necrosis originates from impairment of the 
vascular supply and from subsequent focal or diffuse isch- 
emic necrosis of the distal segments of the renal pyramids. If 
the ischemic process in the medullary region is caused by a 
temporary spasm and normal circulation is restored within a 
reasonable period, or if predisposing conditions are corrected 
within a reasonable period, the involved tissues may recover. 
However, if ischemia continues and perfusion is not restored, 
irreversible coagulation necrosis, tubular fibrosis, and lobar 
infarcts result. 

Renal papillary necrosis develops in various diseases that 
cause chronic tubulointerstitial nephropathy in which the 
lesion is predominant in the inner medulla. The renal medulla 
and papillae are vulnerable to ischemic necrosis because of 
the peculiar arrangement of their blood supply and the hyper- 
tonic environment. Major underlying causes of renal papil- 
lary necrosis can be remembered by the acronym POSTCARD: 
Pyelonephritis, Obstructive uropathy, Sickle cell disease, 
Tuberculosis, Calculi, Analgesics, Renal vein thrombosis, 
and Diabetes mellitus. Other causes include acute tubular 
necrosis, chronic alcoholism, and severe infantile diarrhea. 
In many cases, the cause is multifactorial. Transplanted kid- 
neys, particularly cadaveric allografts, appear to be suscep- 
tible to renal papillary necrosis. 

Renal papillary necrosis has been diagnosed with the use 
of intravenous urography (IVU) and ultrasonography (US). 
Recently, contrast-enhanced CT may better depict a full 
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range of typical features, including contrast material—filled 
clefts in the renal medulla, nonenhanced lesions surrounded 
by rings of excreted contrast material, medullary calcifica- 
tions, the presence of papillary sloughing, and the epithelial- 
ized, blunted papillary tip. Familiarity with the imaging 
features of the condition therefore is useful for its successful 
diagnosis and management. 


Common Causes of Papillary Necrosis 


Diabetes mellitus is the most common condition associated with 
renal papillary necrosis, accounting for more than 50% of all 
cases of renal papillary necrosis, and renal papillary necrosis 
has been reported in about 25% of patients with insulin-depen- 
dent diabetes mellitus. It is often associated with urinary tract 
infection and impaired renal function but can be seen in patients 
without evidence of apparent diabetic nephropathy. The kidneys 
are enlarged in earlier stages but become small and scarred in 
later stages. In diabetic patients, acute bacterial infection within 
the renal pyramids and the impaired circulation to the papilla 
caused by vascular sclerosis, induce an infarct-like necrosis of 
the distal segment of the renal pyramid. 

Analgesic nephropathy is caused by excessive intake of 
analgesics, usually more than 1 kg. Analgesic nephropathy is 
most common in middle-aged women, accompanied by uri- 
nary tract infection in about 50% of patients. Pyuria and uri- 
nary tract obstruction due to sloughed papillae are also 
common. The high concentration of these drugs in the renal 
medulla and papilla probably contributes to the occurrence 
of papillary necrosis in association with analgesic overuse. 

Medullary ischemia caused by sickling is the main cause 
of renal papillary necrosis in patients with sickle cell disease, 
in whom sickling is intensified by a hypertonic and relatively 
hypoxic renal medulla. The kidneys are enlarged in earlier 
stages but become small and scarred in later stages. 
Calcifications in the renal papillae or cortex and perinephric 
hematoma can be accompanied. 
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Pyelonephritis also may result in papillary necrosis, and 
infection is present in most cases. However, the importance 
of pyelonephritis as a cause of renal papillary necrosis is dif- 
ficult to determine, because infection also may develop as a 
result of obstruction or diabetes. 


Imaging Findings 


Radiological findings of renal papillary necrosis are inde- 
pendent of its etiology. Severer changes are common in 
the presence of urinary tract infection or obstruction. 
Although renal papillary necrosis can involve both kidneys, 
unilateral involvement is often seen in patients with pyelo- 
nephritis, obstructive uropathy, tuberculosis, and renal vein 
thrombosis. Radiologically, renal papillary necrosis can be 
best evaluated on IVU or retrograde pyelography (RGP). 
lodinated contrast material should be given carefully 
because higher incidence of contrast material-associated 
nephrotoxicity is associated with diabetes mellitus and 
sickling may occur in the presence of contrast material in 
patients with S-hemoglobinopathy. 

Renal papillae may undergo necrosis totally or partially. 
Three types of parenchymal involvement can be seen; med- 
ullary (usually partial), papillary (usually total), and necro- 
sis-in-situ types. In medullary form, cavitation occurs in the 
central portion of the papillae extending from the fornix. In 
papillary form, necrosis and cavitation develop at the periph- 
ery of the papillae, eventually resulting in sloughing. If a 
necrotic papilla is surrounded by contrast material on IVU or 
RGP, a urographic ring shadow may be observed. A sloughed 
papilla can be seen as a triangular filling defect within a pel- 
vocalyceal system or ureter, occasionally with ring-shaped 
peripheral calcifications. It may cause acute ureteral obstruc- 
tion. Necrosis-in-situ type refers to necrotic papillae that 
remain attached, shrink, and frequently calcify. These papil- 
lary calcifications may pass as small stones. During the heal- 
ing phase, the papilla may epithelialize, and its tip may take 
on a blunted appearance. In addition, shrinkage of the kidney 
may occur with reduction of parenchymal thickness. This 
common sequela of renal papillary necrosis has been attrib- 
uted to the secondary atrophy of nephrons caused by necro- 
sis of the loops of Henle, which pass deeply into the medulla. 
Moreover, the loss of renal cortex and associated hypertro- 
phy of the Bertin columns result in a typical irregular wavy 
renal outline. 

US is not commonly used for the diagnosis of renal papil- 
lary necrosis, and only a few studies have reported US find- 
ings of this condition. In early-stage papillary necrosis, renal 
papillae may appear as echogenic foci surrounded by sono- 
lucent rims that represent fluid dissecting around necrotic 
papillae. In advanced disease with sloughing of the necrotic 
papillae, US may demonstrate cavities in the renal medullary 
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areas, which are continuous with the calyces. In these cases, 
other causes of cystic lesions in the areas of renal medulla or 
sinus should be differentiated. These lesions include hydro- 
nephrosis, congenital megacalyces, parapelvic cysts, and 
calyceal diverticula. The location of the arcuate artery rela- 
tive to the cystic lesions may be helpful in this differentia- 
tion. US can demonstrate calcifications in the necrosis-in-situ 
type with typical garland pattern. 

Contrast-enhanced CT during the excretory phase can 
depict necrosis as clearly as does IVU. Multidetector row 
CT, unlike excretory urography, can help identify renal pap- 
illary necrosis at an early stage, when effective treatment of 
the underlying cause may reverse the ischemic process. 
Multidetector row CT, more clearly and directly than single- 
detector row CT, depicts classic signs of renal papillary 
necrosis such as excavation of calices, regression of papillae, 
sloughed papillae floating in the collecting system or ureter, 
caliceal blunting at the papillary tip, and evidence of pro- 
gression and involvement of the cortex with pyelonephritic 
scarring. 
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1. Diffuse Papillary Necrosis 


Fig. 1.1 Schematic drawing 

shows a normal calyx (A) 

papillary (B) and medullary (C) 

forms of renal papillary necrosis, 

and caliceal blunting after __ 

papillary sloughing and 

epithelialization (D) a 
B 


a 0 ae 


Fig. 1.3 Diffuse bilateral renal papillary necrosis in a 50-year-old 
woman with tuberculosis. (A) IVU shows blunt-tipped calices (arrows) 
in both kidneys. (B) Contrast-enhanced CT scan in excretory phase 
Fig. 1.2 Diffuse papillary necrosis in a 60-year-old woman who suf- shows blunt-tipped calices (arrow), which correlate well with IVU find- 
fered from hemorrhagic fever with renal syndrome 14 years ago. IVU ings (A-C, From Jung DC, Kim SH, Jung SI, et al. Renal papillary 
shows multiple papillary cavities of varying appearance in both kidneys necrosis: review and comparison of findings at multi-detector row CT 
(arrows). Papillary necrosis in this patient is probably a sequela of hem- and intravenous urography. Radiographics. 2006;26:1827—36) 

orrhagic fever with renal syndrome 
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1.3 (continued) 


4 a 


Fig. 1.5 Diffuse papillary necrosis in a 48-year-old man with a history 
of longstanding urethral strictures and recurrent pyelonephritis. Coronal 
reformatted maximal intensity projection (MIP) image shows diffuse 
blunting of renal calyces in both kidneys (arrows). More extensive 
wedge-shaped focal decreased perfusion at right kidney interpolar area 
(arrowheads) with papillary necrosis and perirenal infiltration is also 
noted, suggesting acute pyelonephritis 


Fig.1.4 Diffuse papillary necrosis in a 22-year-old man with proteinu- 
ria. (A and B) Coronal reformatted images (A) and IVU (B) show 
diffuse blunting of renal calyces in both kidneys (arrows) 
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2. Focal Papillary Necrosis 


Fig. 2.1 Medullary form of focal papillary necrosis in a 69-year-old 
woman. (A) IVU shows a teardrop-shaped papillary cavity in the upper 
polar calyx of the left kidney (arrowhead). (B and C) Reformatted 
coronal (B) and axial (C) contrast-enhanced CT images from the 
excretory phase show a small cavity (arrow) in the central portion of the 


papilla, extending from the fornix (A-C, From Jung DC, Kim SH, Jung 
SL et al. Renal papillary necrosis: review and comparison of findings at 


multi-detector row CT and intravenous urography. Radiographics. 
2006:26:1827-36) 


Illustrations 


479 


Fig. 2.2 Papillary form of renal papillary necrosis in a 58-year-old 
woman who had taken nonsteroidal analgesics for several years. 
(A) IVU shows multiple clefts that extend from the fornices to the 
pyramid tips (arrows). (B and C) Contrast-enhanced CT scans in 
excretory phase show a cleft filled with urine and contrast material that 


extends from the fornices (arrow in B) to a pyramid tip (arrow in C) 
(A-C, From Jung DC, Kim SH, Jung SI, et al. Renal papillary necrosis: 
review and comparison of findings at multi-detector row CT and intra- 
venous urography. Radiographics. 2006;26: 1827-36) 
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Fig. 2.3 Focal papillary necrosis of the medullary type in a 52-year- 
old man with benign prostatic hypertrophy. IVU shows an oval-shaped 
medullary cavity in the interpolar calyx of the left kidney (arrows) 


Fig. 2.5 Triangular cavity that communicates with the collecting sys- 
tem in a 68-year-old woman with a recurrent urinary tract infection due 
to a large pelvic stone. (A and B) Reformatted coronal contrast- 
enhanced CT image (A) shows a triangular excavation in the upper 
polar calyx (arrowheads) of the left kidney. Axial plane of contrast- 
enhanced CT (B) shows low-attenuated papillary cavity in the right 
kidney (arrow) (A, From Jung DC, Kim SH, Jung SI, et al. Renal papil- 
lary necrosis: review and comparison of findings at multi-detector row 
CT and intravenous urography. Radiographics. 2006;26:1827-36) 


2.4 Focal papillary necrosis in a 61-year-old man with a neuro- 
pathic bladder. (A) Longitudinal color Doppler US image shows blunt- 
ing of the upper polar calices (arrows), which are bordered by arcuate 
vessels (arrowheads). (B) IVU shows focal blunting of the upper polar 
calices (arrows) (A and B, From Jung DC, Kim SH, Jung SI, et al. Renal 
papillary necrosis: review and comparison of findings at multi-detector 
row CT and intravenous urography. Radiographics. 2006;26:1827-36) 


Illustrations 


3. Papillary Necrosis with Calcification 
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Fig. 3.1 


Diffuse papillary calcifications in a 62-year-old man with renal papillary necrosis due to long-term use of analgesics. (A and B) Plain 


radiograph (A) and axial nonenhanced CT scan (B) show multiple calcifications (arrows) in the medullae of both kidneys (A and B, From Jung 
DC, Kim SH, Jung SI, et al. Renal papillary necrosis: review and comparison of findings at multi-detector row CT and intravenous urography. 


Radiographics. 2006;26:1827-36) 


Fig. 3.2 Diffuse papillary necrosis in a 45-year-old woman with a his- 
tory of postoperative chemotherapy due to rectal cancer. (A—E) Plain 
radiography (A) and nonenhanced CT (B) show multiple calcifications 
in the region of renal medulla in the left kidney. Note a double-J catheter 
in right ureter. Excretory-phase image of CT urography (C) confirms 


that the calcifications that were seen on plain radiograph and nonen- 
hanced CT are located in the tip of the clubbed calyces, suggesting calci- 
fied necrotic papillae. Three-dimensional reformatted volume-rendered 
image (D) and maximal intensity projection image (E) show diffuse 
blunting of renal calyces in the left kidney (arrows) 
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Fig. 3.2 (continued) 


Illustrations 


4. Sloughed Papilla 
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Fig. 4.1 Focal papillary necrosis in a 75-year-old man with a neuro- 
genic bladder due to diabetic polyneuropathy. (A and B) Excretory- 
phase images of CT urography show small irregular-shaped filling 


defects within clubbed calyces in left kidneys (arrows), which are bor- 
dered by excreted contrast media 


Fig. 4.2 Focal papillary necrosis with acute urinary obstruction due to 
sloughed papilla in a 73-year-old woman with a history of diabetes and 
hypertension. (A) Contrast-enhanced CT shows cortical thinning with 
calyceal blunting (arrows) due to pyelonephritis with papillary necrosis. 
(B) Follow-up CT scan taken 1 week later shows rapidly progressed 


hydronephrosis resulting in dilatation of whole length of left ureter. Arrows 
indicate dilated calyx and cortical thinning. (C) Edematous change of left 
ureterovesical junction (UVJ, arrows) was noted. (D and E) US (D) and 
cystoscopy (E) shows migrating sloughed papillae (arrow in D) in left 
ureteral orifice resulting in UVJ obstruction 
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Fig. 4.2 (continued) 


Illustrations 
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F 3 Focal papillary necrosis with acute urinary obstruction due to 
a sloughed papilla in a 27-year-old woman with history of analgesics 
abuse. (A) IVU obtained at the time of acute right flank pain shows 
nonopacification of the right urinary tract. (B) US of the right kidney 
obtained at the same time with A shows dilated pelvocalyces. (C) US of 


the right kidney obtained on the following day shows disappeared 
hydronephrosis. (D) IVU taken on the next day shows well-opacified 
right urinary tract and collection of contrast material in the region of 
renal papilla in the upper pole of the right kidney (arrow) 
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5. Papillary Necrosis Manifesting as a Ureteral Stone 


+ 


Focal papillary necrosis with a distal ureteral stone in a confirms midureter stone with mild obstruction (arrow). Also note 
36- year-old man. (A and B) Plain radiograph (A) shows a small small papillary cavities (arrowhead) in the right kidney representing 
radiopacity in the right border of psoas muscle (arrow). IVU (B) the origin of the stone 


Illustrations 
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6. Healing Phase 


Fig. 6.1 Loss of renal cortex in a 44-year-old woman with a recurrent 
urinary tract infection. (A) IVU shows blunt-tipped calices (arrows) in 
the left kidney. (B) Contrast-enhanced CT scan in excretory phase 
shows caliceal blunting and severe cortical thinning in the kidney 
(arrow) (A and B, From Jung DC, Kim SH, Jung SI, et al. Renal papil- 
lary necrosis: review and comparison of findings at multi-detector row 
CT and intravenous urography. Radiographics. 2006;26:1827-36) 


F .2 Loss of renal cortex in a 22-year-old woman with chronic 
renal failure due to long-standing vesicoureteral reflux. Contrast- 
enhanced CT scan shows a triangular area of hypoattenuation in an 
atrophic left kidney (arrow) From Jung DC, Kim SH, Jung SI, et al. 
Renal papillary necrosis: review and comparison of findings at multi- 
detector row CT and intravenous urography. Radiographics. 2006; 
26:1827-36) 
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7. Early Ischemic Change and Necrotizing Papillitis 


Fig. 7.1 Early ischemic change in the medullary pyramid in a 50-year- 
old man with diabetes. (A) Contrast-enhanced CT scan shows multiple 
poorly margined, hypoattenuated lesions (arrowheads) in the papillary 
regions and the excretion of contrast material into the renal pelvis 
(arrow). (B) Follow-up CT scan taken 1 year later shows that the lesions 
disappeared after predisposing conditions were corrected and the tis- 
sues involved in ischemia recovered (A and B, From Jung DC, Kim SH, 
Jung SI, et al. Renal papillary necrosis: review and comparison of find- 
ings at multi-detector row CT and intravenous urography. Radiographics. 
2006;26:1827-36) 


Fig.7.2 Early-stage renal papillary necrosis with necrotizing papillitis 
in a 71-year old diabetic woman with clinical findings of acute pyelone- 
phritis. (A) Contrast-enhanced CT shows markedly swollen kidneys 
with hypoattenuated lesions (white arrowheads) in papillary regions 
and a wedge-shaped lesion in the periphery of the right kidney (black 
arrowheads). (B) Photograph of a gross specimen shows abscesses in 
the cortex (arrowheads) and hemorrhagic infarcts in papillary regions 
(arrows) (A and B, From Jung DC, Kim SH, Jung SI, et al. Renal papil- 
lary necrosis: review and comparison of findings at multi-detector row 
CT and intravenous urography. Radiographics. 2006;26:1827-36) 
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Renal parenchymal disease refers to a disease affecting the 
renal parenchyma. It also includes the systemic diseases, 
which involve the kidneys. Renal parenchymal diseases can 
be classified into three categories: glomerular, tubulointersti- 
tial, and vascular diseases. For radiological evaluation, the 
most useful morphological criteria include renal size, con- 
tour, and laterality of involvement. Although the diagnosis of 
renal parenchymal diseases still largely depends upon renal 
biopsy, imaging studies have important roles in the evalua- 
tion of patients. A plain radiograph may offer renal size and 
presence of parenchymal calcifications. Ultrasonography (US) 
is often the first-line imaging modality for the evaluation of 
the renal parenchymal diseases. The change in renal paren- 
chymal echogenicity is the most commonly used clue. 
Doppler US is a technique for the evaluation of renal blood 
vessels and the hemodynamic changes of the kidney. The 
role of CT and MRI in renal parenchymal disease is limited, 
but may be useful in selected cases. 


Definition and Classification 


Renal parenchymal disease refers to a disease affecting the 
renal parenchyma (i.e., the glomeruli, tubules, interstitium, 
or blood vessels of the kidney). It also includes the systemic 
diseases, which involve the kidneys. Renal parenchymal dis- 
eases can be classified into three categories: glomerular, 
tubulointerstitial, and vascular diseases. 
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Glomerular Disease 


Glomerular disease is the major cause of end-stage renal disease. 
The pathologic process is either confined to the kidney (pri- 
mary glomerulopathies) or is associated with systemic or 
hereditary diseases (secondary glomerulopathies). 


Primary Glomerulopathies 

Acute post-streptococcal glomerulonephritis is a quite common 
disorder worldwide, usually developing 10-14 days following 
pharyngitis or skin infection. Minimal change disease (lipoid 
nephrosis), focal segmental glomerulosclerosis, membranous 
nephropathy, and membranoproliferative glomerulonephritis are 
the main causes of idiopathic nephrotic syndrome. 


Secondary Glomerulopathies 

Many systemic diseases of immunological, metabolic, or 
hereditary causes are associated with glomerular injury, which 
are called secondary glomerulopathies. Diabetes mellitus is a 
major cause of end-stage renal disease, which first affects the 
glomerulus but eventually involves all components of the kid- 
ney. Lupus nephritis is another common systemic disease, 
commonly affecting the glomeruli. 

Other causes of secondary glomerulopathies include Good- 
pasture’s syndrome, various vasculitis (Henoch-Schónlein pur- 
pura, polyarteritis nodosa, hypersensitivity angitis, Wegener’s 
granulomatosis), deposition diseases (amyloidosis, Waldstróm's 
macroglobulinemia), hereditary diseases (Alport’s syndrome, 
Fabry’s disease, nail-patella syndrome), infectious diseases 
(hepatitis, HIV infection, bacterial endocarditis), and neoplastic 
diseases (lymphoma, leukemia). 


Tubulointerstitial Diseases 
Major components of tubulointerstitial diseases include acute 


tubular necrosis, tubulointerstitial nephritis, and disorders 
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causing intratubular obstruction such as multiple myeloma, 
uric acid, and oxalate nephropathy. 

Acute tubular necrosis is the major cause of acute renal 
failure and is reversible tubular damage caused by either 
ischemia or various exogenous and endogenous toxins. 
Tubulointerstitial nephritis is an inflammatory disease of the 
tubules and interstitium of various causes and different 
mechanisms of tissue damage. Tubulointerstitial nephritis is 
often referred according to the causes of the disease such as 
hypersensitivity interstitial nephritis, analgesic nephropathy, 
or radiation nephritis. 


Vascular Diseases 


Benign and malignant nephrosclerosis, renal artery stenosis, 
renal vein thrombosis, and atheroembolic disease are the main 
constituents of renal vascular diseases. Thrombotic microan- 
giopathies (hemolytic uremic syndrome and thrombotic throm- 
bocytopenic purpura), which are characterized by thrombosis 
of small arteries and glomeruli with necrosis of vessel wall, 
sickle cell nephropathy, and scleroderma (progressive systemic 
sclerosis) are other components of vascular diseases. 


Systemic Approach to Radiological Diagnosis 


For radiological evaluation, most useful morphological crite- 
ria include renal size, contour, and laterality of involvement. 
Most renal parenchymal diseases in their early phase cause 
smooth, bilateral, and symmetric enlargement of the kidneys, 
and chronic renal diseases usually cause bilaterally small 
contracted kidneys. Vascular diseases, however, can cause 
unilateral or bilateral enlargement or contraction depending 
on underlying pathology. 

Renal size is the most important diagnostic clue. Small 
kidneys often result from a loss of renal substance due to hyp- 
oplasia, necrosis, atrophy, or fibrosis of the kidney. Large kid- 
neys result from accumulation of fluid, deposition of abnormal 
proteins, inflammatory or neoplastic infiltrates, glomerular or 
microvascular proliferation, or cellular hypertrophy. Renal 
contour and laterality are other important clues. Smooth renal 
contour and uniform parenchymal thickness associated with 
renal size change represent a global disease process affecting 
the whole kidney, and bilateral lesions are either a result of 
global renal process or a part of multisystem disorders. 


Radiological Modalities 


Although the diagnosis of renal parenchymal diseases still 
largely depends upon renal biopsy, imaging studies have 
important roles in the evaluation of patients. The aims of the 
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renal imaging in the evaluation of renal parenchymal disease 
are to measure renal size, to exclude urinary tract obstruction, 
and, finally, to evaluate morphological changes in the renal 
parenchyma. 


Plain Radiography and Urography 


In evaluating patients with renal parenchymal disease, a plain 
radiograph may offer valuable information such as renal size 
and presence of parenchymal calcifications. Although differ- 
ent nephrographic patterns may be useful in the differentia- 
tion of renal parenchymal diseases, the excretory urography 
is not commonly used for the evaluation of renal parenchy- 
mal diseases except the ones primarily affecting the renal 
pelvocalyceal system such as renal papillary necrosis. 


Ultrasonography 


US is often the first-line imaging modality for the evaluation 
of the renal parenchymal diseases. Renal US is used fairly 
routinely in patients with azotemia to exclude possible 
obstructive uropathy, to measure the size of the kidneys, and 
to evaluate renal parenchymal echoes particularly with 
respect to cortical echogenicity and the distinctness of the 
corticomedullary differentiation. 

The change in renal parenchymal echogenicity is the 
most commonly used clue for the US diagnosis of renal 
parenchymal disease. Normal renal cortical echogenicity is 
less than that of the liver or spleen in adults. If echogenicity 
of the renal cortex is higher than that of the liver or spleen in 
adults, renal parenchymal disease is considered present. 
When it is equal to the liver, renal function is normal in 70% 
of cases. 

Renal corticomedullary differentiation is another impor- 
tant parameter in the US evaluation of the kidney. Renal 
medullary echogenicity is normally slightly lower than that 
of the renal cortex. In cases of renal parenchymal disease, 
renal corticomedullary differentiation may be preserved, 
obliterated, or accentuated. 


Doppler Ultrasonography 


Doppler US is an easy and noninvasive technique for the 
evaluation of renal blood vessels and the hemodynamic 
changes of the kidney. Power Doppler US is known to be 
superior to color Doppler US in the demonstration of fine 
intrarenal vasculature. In Doppler spectral analysis, resistive 
index (RI) is the most commonly used index. Interlobar and 
arcuate arteries are commonly used to obtain Doppler spec- 
tra, but interlobar arteries are preferred to arcuate arteries 
because the Doppler signals are stronger due to smaller 
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Doppler angles, especially in the interpolar areas of the 
kidney. Doppler spectra are obtained in at least three regions 
(upper polar, lower polar, and interpolar regions) of each kid- 
ney and the average value is taken. The upper normal limit of 
RI is considered 0.7 and mean normal values reported in 
various studies range between 0.59 and 0.63. Certain factors 
such as age and systemic blood pressure may affect the RI of 
the intrarenal arteries. 

The diseases involving the tubulointerstitial or vascular 
compartments generally result in an elevated RI, whereas RI 
is usually normal range in diseases limited to the glomeruli. 
Diabetic nephropathy, hepatorenal syndrome, and hemolytic 
uremic syndrome are examples in which elevated RI was 
reported to correlate well with the severity of the disease. 

For patients with acute renal failure, Doppler US findings 
may reflect the status of renal hemodynamics, which is dif- 
ferent among the types of acute renal failure. In a study by 
Platt et al. (1991), elevated RI was observed in 91% of 
patients with renal type failure accompanying acute tubular 
necrosis whereas only 20% of patients with prerenal type 
failure showed elevated RI. 


Computed Tomography 


The role of CT in renal parenchymal disease is limited, but 
may be useful in selected cases. Noncontrast CT is useful in 
detecting renal parenchymal calcifications. 

For patients with renal parenchymal disease contrast 
enhancement should be avoided if it is possible. Contrast- 
enhanced CT scan, if performed, may provide useful infor- 
mation regarding the pattern of contrast enhancement and 
excretion in patients with impaired renal function. In a study 
that correlated the degree of renal cortical enhancement with 
the serum level of creatinine, there was a significant correla- 
tion between the two, and the degree of cortical enhancement 
was different between those with renal parenchymal disease 
and the normal group. Globally absent nephrogram is due to 
pedicle trauma in most cases and segmental absence may be 
due to focal infarction, pyelonephritis, or acute renal failure 
secondary to renal vasoconstriction. 

GFR also can be measured accurately with minimally 
extended triphasic CT of the abdomen in patients without 
acute renal disorder. This is of clinical interest in patients 
who might be eligible for nephrectomy if renal function of 
one kidney is too low. 


Magnetic Resonance Imaging 


Recent advances in MR imaging such as breath-holding 
rapid imaging technique and renal functional MR imaging 
such as dynamic contrast-enhanced study, diffusion— 
weighted (DW) study, and blood oxygen level-dependant 
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(BOLD) study extended the role of MR imaging in the 
evaluation of renal parenchymal diseases. Gadolinium-based 
contrast media (most commonly, gadopentetate dimeglu- 
mine) are used routinely for MR imaging of the kidney. 
Although a case of fatal reaction to gadopentetate dimeglu- 
mine has been reported, it is generally accepted that the agent 
is safe and tolerable at the usual dose in patients with impaired 
renal function. 

Most normal kidneys show a distinct contrast between the 
renal cortex and medulla on T1-weighted images, whereas 
the signal intensities of the renal cortex and medulla are sim- 
ilar on T2-weighted images. Obliteration of the corticomed- 
ullary contrast on T1-weighted spin-echo image is regarded 
as a sensitive but nonspecific finding of the renal parenchy- 
mal disease. The parenchymal enhancement pattern is more 
clearly demonstrated on gradient-echo imaging than on 
T1-weighted spin-echo imaging. It was reported that there is 
a correlation between the distinctness of corticomedullary 
differentiation and serum creatinine levels. DW and BOLD 
MR imaging may yield information on kidney function. Both 
techniques provide highly reproducible results in patients 
with good renal function and hold promise for noninvasive 
monitoring. However, to evaluate the potential of these meth- 
ods in the assessment of functional derangements, larger 
scale studies must be performed. 


Angiography 


The role of angiography in the evaluation of patients with 
renal parenchymal disease is limited. However, it may be use- 
ful in patients with secondary glomerulopathies such as pol- 
yarteritis nodosa, Wegener’s granulomatosis, and systemic 
lupus erythematosus. It is also useful in the evaluation of 
renal vascular diseases including renal artery stenosis, arte- 
riosclerosis, atheroembolic disease, and various vasculitis. 


Renal Biopsy 


Renal biopsy is an invasive but irreplaceable tool for the 
diagnosis of renal parenchymal diseases. It helps establish an 
accurate diagnosis, assess prognosis, and guide treatment in 
many renal parenchymal diseases. US is now widely used to 
locate the kidney and guide biopsy. 

Major indications include idiopathic nephrotic syndrome, 
systemic lupus erythematosus, Wegener’s granulomatosis, 
rapid progressive glomerulonephritis, acute renal failure of an 
unknown cause, and renal transplant dysfunction. Renal 
biopsy is rarely indicated for patients with chronic renal fail- 
ure or typical diabetic nephropathy. Renal biopsy is essential 
for adult patients with idiopathic nephrotic syndrome. 
However, for pediatric patients with nephrotic syndrome in 
whom renal disease is often due to minimal change in 
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disease and responds well with empirical steroid treatment, 
biopsy is not recommended in most cases. 

Percutaneous renal biopsy is usually performed in the 
lower pole of left kidney. Various biopsy needles can be 
used including TruCut disposable, Flanklin-Silverman, Vim- 
Silverman, and automated gun biopsy needle. Compared with 
classical 14-gauge hand-driven system, 18-gauge spring- 
driven biopsy gun carries a comparable number of glomeruli 
per core and is associated with lower risk of significant 
bleeding. 


Radiological Findings 
DM Nephropathy 


Diabetic nephropathy is the single most important disorder 
leading to renal failure in adults. Diabetic nephropathy devel- 
ops in 40-45% of insulin-dependent patients and 20% of 
non-—insulin-dependent diabetic patients. Detection and fol- 
low-up of the progressing diabetic nephropathy are generally 
based on clinical and laboratory examinations. Imaging 
methods have only a secondary role, particularly in early 
phases of disease. 

Diabetes mellitus is one of the common causes of bilater- 
ally enlarged kidneys. Imaging studies may reveal renal 
enlargement in early stage of diabetic nephropathy and 
shrunken kidneys in the late stage. 

For demonstration of changes in renal size, US is the best 
imaging modality available. Papillary necrosis that is occa- 
sionally associated with diabetic nephropathy can be demon- 
strated on IVU. In the early stage of the disease, US may 
show enlarged kidney with normal parenchymal echogenic- 
ity. In the advanced stage, renal US may show shrunken kid- 
ney with increased renal parenchymal echogenicity and 
variable corticomedullary differentiation, which is not differ- 
ent from the findings of end-stage renal disease due to other 
causes. 

Doppler US of the kidney with measurement of RI from 
intrarenal arteries may well demonstrate peripheral renal 
vascular resistance. RI obtained from the interlobar artery 
correlates well with functional parameters of the kidney such 
as serum creatinine or creatinine clearance levels. 


Lupus Nephritis 


Systemic lupus erythematosus (SLE) is an autoimmune dis- 
ease involving multiple organs. The kidney is usually affected 
in SLE. Although renal biopsy reveals evidence of renal 
involvement in almost all cases with SLE, imaging findings in 
SLE renal disease are nonspecific and similar to those in other 
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causes of medical renal disease. Grayscale US shows nonspecific 
changes of renal size and parenchymal echogenicity. It may 
demonstrate multiple variable-sized cortical hypoechoic 
areas, which may represent regions of active edema. However, 
similar findings can be seen in cases of multifocal processes 
such as acute pyelonephritis, abscesses, or tumors. 

The correlation between Doppler spectral changes and the 
severity of lupus nephritis determined by laboratory findings 
and histopathologic changes is not certain. In one report, 
Doppler parameters were normal in all nine patients and no 
significant correlation was found among the Doppler param- 
eters and laboratory or histopathologic findings. In another 
report, RI correlated with creatinine level, chronicity index, 
and presence of interstitial disease. 


Amyloidosis 


Amyloidosis is a systemic disease characterized by deposi- 
tion of a pathologic proteinaceous substance between cells in 
various organs. Amyloidosis can occur without any associ- 
ated disease (primary amyloidosis) or in association with 
chronic destructive diseases such as chronic osteomyelitis, 
rheumatoid arthritis, tuberculosis, or various malignancies 
(secondary amyloidosis). Renal involvement is more com- 
mon with secondary amyloidosis. Glomeruli are involved in 
75-90% of the patients. Isolated involvements of the ureter, 
bladder, urethra, prostate, and seminal vesicles have been 
reported. Renal vein thrombosis may occur. 

Amyloidosis is more common in men than in women. The 
patients may present with heavy proteinuria, nephrotic syn- 
drome, and/orimpaired glomerularfiltration.Characteristically, 
the kidney is normal in size or slightly enlarged. IVU may 
demonstrate smooth bilateral enlargement of the kidneys with 
faint nephrogram. US may show enlargement in both kidneys 
with increased cortical echogenicity. Renal infarction, perire- 
nal lesion, and abdominal visceral calcification including the 
kidney were reported to be associated with primary or sec- 
ondary amyloidosis involving the kidneys. 


Sarcoidosis 


Sarcoidosis is a systemic disorder of unknown cause that is 
characterized by noncaseating granulomas with proliferation 
of epithelioid cells. Renal manifestations of sarcoidosis are 
commonly related to nephrocalcinosis, which results from 
hypercalcemia. 

Detection of renal involvement depends on radiologic 
imaging because renal function usually remains within the 
normal range. Contrast-enhanced CT may show striated neph- 
rograms in cases of interstitial nephritis. In rare instances, 
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renal sarcoidosis manifests as multiple low-attenuation tumor- 
like nodules. 


Renal Diseases in Patients with AIDS 


The most common renal abnormality in patients with AIDS 
is nephropathy, which is manifested by deterioration of renal 
function and proteinuria. Other renal abnormalities associ- 
ated with AIDS include acute tubular necrosis, intrarenal 
infections, focal nephrocalcinosis, and renal neoplasms. 

In patients with AIDS-associated nephropathy, the kid- 
neys may be enlarged or normal-sized. On pathologic 
examinations, glomerular lesions, particularly focal glomer- 
ulosclerosis, are dominant. Other changes including acute 
tubular necrosis, focal interstitial nephritis, nephrocalcino- 
sis, and tubular atrophy have also been reported. On US, 
renal cortical echogenicity is increased in more than half of 
patients, and the tubular changes including focal dilatation is 
considered the main factor responsible for increased cortical 
echogenicity. Other findings were hydronephrosis, nephro- 
lithiasis, renal tumors, and chronic pyelonephritis. 


Acute and Chronic Renal Failures 


Acute renal failure is due to insufficient renal perfusion (pre- 
renal), intrinsic renal disease (renal), or urinary tract obstruc- 
tion (postrenal). Among these, intrinsic renal parenchymal 
disease is the most common cause of acute renal failure. 

US is commonly used in evaluating the kidneys in acute 
renal failure. The primary role of US is to rule out urinary 
tract obstruction. In acute renal failure due to primary renal 
parenchymal disease, grayscale US may reveal globular renal 
enlargement. Renal parenchymal echogenicity is variable 
but is frequently hypoechoic due to edema. The degree of 
renal corticomedullary differentiation is also variable. Renal 
medulla is often prominent and hypoechoic resulting in 
increased corticomedullary differentiation. 

RI obtained in intrarenal arteries is usually elevated and 
end-diastolic velocity of the Doppler spectrum is frequently 
zero (RI is 1.0). In a study of children with acute renal failure 
secondary to hemolytic uremic syndrome, Doppler RI 
improved before clinical improvement. An experimental study 
of acute renal failure in rabbits, the change in the RI preceded 
the change in serum creatinine levels in recovery phase. 

Chronic renal failure refers to irreversible loss of renal 
function. Radiologically, it is characterized by bilaterally 
small kidneys. On US, parenchymal echogenicity may 
be variable depending on the etiology of renal failure 
but most often is diffusely increased. CT may demonstrate 
bilaterally small kidneys with parenchymal thinning. 
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Occasionally, parenchymal calcifications can be seen on 
nonenhanced CT. 


Acute Renal Failure Secondary 
to Rhabdomyolysis 


Rhabdomyolysis is a condition in which injury to the skeletal 
muscle results in leakage of myoglobin from myocytes into 
the plasma. Myoglobinuric renal failure accounts for 5-8% of 
all cases of acute renal failure. The major causes of rhabdomy- 
olysis include trauma, ischemic or thermal muscle injury, 
exposure to drugs and toxins, and extreme muscular activity. 

The diagnosis of rhabdomyolysis and associated acute 
renal failure is easily made by detection of urinary myo- 
globin and elevated creatinine phosphokinase, but myoglobin 
is absent in the urine of about 30% of patients. 

IVU and CT may demonstrate enlarged kidneys and a 
striate nephrogram. However, these findings are nonspecific 
and can be seen in any condition that may alter renal blood 
flow including hypotension and renal vein thrombosis. 
Common US findings of the kidneys include renal enlarge- 
ment, increased cortical echogenicity, and prominent renal 
medulla. On MR imaging, unlike other renal parenchymal 
diseases, corticomedullary contrast is preserved on 
T1-weighted MR images. 


Exercise-Induced Nonmyoglonuric 
Acute Renal Failure 


Acute nonmyoglobinuric renal failure with severe loin pain 
and patchy renal vasoconstriction is a clinical syndrome that 
usually occurs in young and previously healthy persons fol- 
lowing strenuous exercise such as a track race, swimming, or 
skiing. Most of the patients have a history of taking analge- 
sics before exercise. Several cases of this syndrome have been 
reported since it was first described in 1981. The pathophysi- 
ology of this syndrome is thought to be renal vasoconstriction 
at the level of the arcuate or interlobar arteries. 

US findings are nonspecific. Immediate contrast-enhanced 
CT demonstrates multiple patchy areas of poor contrast 
enhancement. These areas of poor contrast enhancement 
at initial CT scan appear as patchy or wedge-shaped areas 
of enhancement on delayed scans obtained several hours 
later without further injection of contrast media. Although 
delayed patchy nephrogram is a characteristic finding of 
exercise-induced, nonmyoglobinuric acute renal failure, it 
can also be seen in the hepatorenal syndrome, the recovery 
phase of rhabdomyolysis-related acute renal failure or hem- 
orrhagic fever with renal syndrome, or focal form of acute 
pyelonephritis. 
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Contrast Material-Induced Acute Renal Failure 


Acute renal failure is a serious complication following the use 
of intravascular radiographic contrast material. The exact 
incidence and mechanism of contrast material—induced renal 
failure are unknown, but like other nephrotoxins, acute tubu- 
lar necrosis is considered to be a major mechanism of the 
renal failure. The diagnosis of contrast material-induced 
renal failure is made when azotemia develops more than 24 h 
after the use of contrast material. The majority of the patients 
are nonoliguric, except those with preexisting renal diseases. 

Careful observation of the pattern of nephrographic den- 
sity on IVU can allow the radiologist to predict subsequent 
renal functional impairment. Persistently dense nephrogram 
on IVU may be a clue to the detection of contrast material— 
induced acute renal failure. When a 30-min nephrogram is 
denser than a 5-min nephrogram and no evidence of obstruc- 
tion is seen on IVU, contrast material—induced renal failure 
should be suspected. 


Paroxysmal Nocturnal Hemoglobinuria 


Paroxysmal nocturnal hemoglobinuria is an acquired hemo- 
lytic disorder characterized by acute or chronic intravascular 
hemolysis. Major clinical features include hemoglobinuria, 
iron deficiency anemia, and venous thrombosis. The basic 
pathophysiology of the disease is an increased sensitivity to 
complement-mediated erythrocyte lysis. Intravascular hemo- 
lysis results in release of hemoglobin into the plasma. When 
the amount of released hemoglobin exceeds the binding 
capacity of plasma haptoglobin, hemoglobin is filtered 
through the glomerulus into the urine and is reabsorbed and 
stored as hemosiderin in the epithelial cells of the proximal 
convoluted tubules. 

MR imaging may demonstrate characteristic findings 
caused by paramagnetic effect of hemosiderin. The signal 
intensity of the renal cortex is markedly decreased on both 
Tl- and T2-weighted MR images, but the finding is more 
prominent on T2-weighted images than on T1-weighted 
images. On contrast-enhanced CT, hemosiderin pigments 
deposited in the renal cortex may reveal slight high attenua- 
tion. The similar radiological findings may be seen in any 
conditions, which cause severe intravascular hemolysis and 
deposition of hemosiderin in the renal cortex. The examples 
of such conditions are sickle cell disease and longstanding 
mechanical hemolysis due to malfunctioning cardiac valves. 


Hemorrhagic Fever with Renal Syndrome 


Hemorrhagic fever with renal syndrome is an acute infec- 
tious disease caused by Hantavirus and clinically characterized 
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by fever, visceral hemorrhage, and a variable degree of renal 
failure. Hemorrhagic fever with renal syndrome occurs pri- 
marily in Asia and Europe. The most prominent pathologic 
features of the disease are hemorrhage in the renal medulla, 
right atrium of the heart, and anterior lobe of the pituitary 
gland. 

Plain radiography, US, and CT of the kidney show non- 
specific findings of acute renal failure (i.e., globular renal 
swelling and impaired renal perfusion). US findings include 
swollen kidneys, compressed renal sinus, increased cortical 
echogenicity, and prominent renal medulla. Doppler spec- 
trum obtained at intrarenal arteries may demonstrate elevated 
RI. Contrast-enhanced CT demonstrates delayed washout of 
contrast media from the kidney with a cart-wheel pattern. 

The constant and characteristic MR imaging finding of 
the severe disease is low signal intensity along the medulla, 
especially outer medulla, on T2-weighted images, probably 
representing medullary congestion and hemorrhage. This 
may be due to the paramagnetic effect of deoxyhemoglobin 
or methemoglobin within intact erythrocytes at the region of 
outer medulla where hemorrhage and congestion are most 
severe. 
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1. Renal Parenchymal Disease: US Findings 


I Renal parenchymal disease in a 47-year-old man. Longitudinal . , aa 
US of the right kidney shows normal-sized but increased cortical echo-  F! : Renal parenchymal disease in a 60-year-old man with diabe- 
genicity. Note that the renal cortical echogenicity (asterisks) is higher — tes and pituitary adenoma with acromegaly. Longitudinal US of the left 


than that of the liver (L). Corticomedullary differentiation is preserved Kidney shows increased cortical echogenicity with preserved corti- 
comedullary differentiation. Note a thin hypoechoic rim (arrowheads) 


beneath the outer margin of the kidney, which is often seen in patients 
with renal parenchymal disease. Also note a small calcification in the 
tip of the renal papilla (arrows) 


A 63-year-old man with Henoch-Schónlein nephritis. Longi- 
tudinal US of the right kidney shows increased echogenicity of renal “I9 Renal parenchymal disease in a 54-year-old woman. On longi- 
parenchyma with obliteration of corticomedullary contrast. Note that tudinal US, the kidney is small with hyperechoic cortex and hypoechoic 
there is an ill-defined hypoechoic rim along the subcapsular cortex medulla causing accentuation of corticomedullary contrast 


Illustrations 501 


2. Diabetic Nephropathy 


Fig. 2.1 Chronic renal failure due to diabetic nephropathy in a 46-year- 
old man. Nonenhanced CT scan shows normal size and shape of the 
kidneys in spite of end-stage renal disease. This finding is characteristic 
of diabetic nephropathy 


V1 =0562m/s e 
¥2=0.120m/s ` 
RI = 0.79 


Fig. 2.2 A 49-year-old woman with diabetic nephropathy. (A) On 
grayscale US, the right kidney appears normal in size and echogenicity. 
(B) Spectral Doppler US performed at interlobar artery of the right kid- 
ney demonstrates decreased end-diastolic frequency shift and elevated 
resistive index (0.79) 
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3 A 55-year-old man with severe diabetic nephropathy. (A and B) 
The kidneys appeared small in size and increased parenchymal echoge- 
nicity on grayscale US (A) spectral Doppler US (B) shows markedly 
decreased renal blood flow and absent end-diastolic flow with resistive 
index of 1.0 


A 48-year-old woman with progressing diabetic nephropathy. 
(A) Spectral Doppler US of the right kidney shows normal spectral pat- 
tern and mild elevated resistive index (0.77). (B) Spectral Doppler US 
taken 8 months later demonstrates markedly changed spectral pattern 
with marked elevated resistive index (1.0) 
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3. Lupus Nephritis 


Fig. 3.1 Systemic lupus erythematosus in a 30-year-old woman. 
Longitudinal US of the right kidney shows diffusely increased paren- 
chymal echogenicity. Note that the cortical echogenicity is higher than 
that of the liver 


Fig. 3.2 Systemic lupus erythematosus in a 56-year-old woman. 
(A) Contrast-enhanced CT shows bilateral hydronephrosis and ascites. 
Note that the renal cortex is thin and poorly enhanced. (B) On CT scan 
at a lower level, bladder wall strongly enhances (arrowheads). Terminal 
ureters (arrows) are dilated without obstructive lesion at the ureterove- 
sical junctions. Note ascites (A) in rectouterine pouch 
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4. Scleroderma 


Fig. 4.1 Renal failure caused by scleroderma in a 46-year-old woman. cut off at interlobar levels (arrowheads). Also note collateral circulation 
(A) Contrast-enhanced CT shows small kidneys with poor parenchymal through prominent capsular arteries (arrows). (C) Renal arteriogram in 
enhancement. (B) Renal arteriogram in early arterial phase shows dif-  nephrographic phase shows multiple perfusion defects (arrows) in the 
fuse irregularity of small arterial branches. Note that some arteries are periphery of interpolar and lower-polar regions of the right kidney 
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5. Amyloidosis 


Fig. 5.1 Amyloidosis in a 56-year-old woman. (A and B) The kidneys appeared normal in size and increased parenchymal echogenicity on gray- 
scale US (A). Spectral Doppler US (B) shows markedly decreased renal blood flow and elevated resistive index (0.80) 
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6. Sarcoidosis 


Fig. 6.1 Amyloidosis in a 36-year-old woman. (A) Contrast-enhanced CT of the abdomen shows multiple hypoattenuating nodules in both kid- 
neys (arrows). (B) Coronal reconstruction of contrast-enhanced CT of the chest shows the mediastinal and bilateral hilar adenopathies 
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7. Renal Disease in Acute Intermittent Porphyria 


Fig. 7.1 Acute intermittent porphyria in an 18-year-old woman. (A) Contrast-enhanced CT in excretory phase shows diffuse thinning of the renal 
cortices. (B) A 24-h—-delayed CT shows prolonged nephrogram of both kidneys 
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8. Acute Tubulointerstitial Nephritis 


Fig. 8.1 (A) Longitudinal US of the right kidney shows globular swelling and decreased parenchymal echogenicity. (B) Contrast-enhanced CT 
shows swollen both kidneys with multiple infiltrative low densities. Also note aortocaval and left para-aortic adenopathies 


Illustrations 


9. Polyarteritis Nodosa 
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Fig. 9.1 Polyarteritis nodosa in a 42-year-old man. (A) Nonenhanced 
CT shows a large, high-attenuated hematoma (asterisk) in the right peri- 
renal space, displacing the right kidney anteriorly. (B) Contrast-enhanced 
CT shows multiple perfusion defects in both kidneys representing 


multifocal renal infarcts. (C) Right renal arteriogram shows multiple 
aneurysms (arrowheads) of the intrarenal arteries. Also note multifocal 
wedge-shaped perfusion defects (arrows) in both kidneys representing 
infarcts 
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10. Acute Renal Failure 


Acute renal failure developed following strenuous exercise 
in a 19-year-old man. Longitudinal US of the right kidney shows globu- 
lar renal swelling, increased cortical echogenicity, and accentuated cor- 
ticomedullary contrast 


F 2 Acute renal failure associated with enterocolitis in an 
18-year-old man. (A) Nonenhanced CT shows globular renal swelling 
and obliteration of renal sinus fat in both kidneys. (B) Contrast-enhanced 
CT scan taken 2 weeks after A when renal failure resolved shows 
decreased renal size and regained renal excretory function 
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Acute renal failure associated with pancreatic pseudocyst in 
a 30-year-old man. (A) Contrast-enhanced CT shows multiple, large 
pseudocysts of the pancreas (P) and poorly enhancing both kidneys. (B) 
A 24-h-delayed CT scan shows prolonged dense nephrogram of both 
kidneys 
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Fig. 10.4 Acute renal failure in a 50-year-old man. (A and B) T1-weighted (A) and T2-weighted (B) MR images of the kidney show swelling in 
both kidneys and obliterated corticomedullary contrast on T1-weighted image. Note chemical shift artifacts on T2-weighted image (arrowheads) 
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11. Shock and Striated Nephrogram 


Shock nephrogram in a 21-year-old woman with ovarian 
dysgerminoma. During IVU, blood pressure of the patient dropped 
transiently. (A) A 40-min IVU shows persistent, patchy, and striated 
nephrogram in both kidneys. (B and C) Delayed CT scans obtained 2 h 
(B) and 24 h (C) after IVU without further injection of contrast material 
show persistent, patchy, and striated nephrogram in both kidneys. Note 
alternating opaque and lucent densities radiating from the renal sinus to 
the capsule. There is a large amount of ascites due to peritoneal seeding 
of ovarian dysgerminoma 
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2 Striated nephrogram in a 25-year-old man with right ureter 
stone. (A) A 2-h delayed IVU shows dense striated nephrogram of the 
right kidney due to obstruction by a ureteral stone. Note striated and 
patchy nephrogram of the left kidney due to patchy renal vasoconstric- 
tion. The patient did not have any symptoms during IVU. (B) CT scan 
obtained 30 min after A without further injection of contrast material 
demonstrates dense nephrogram of the right kidney due to obstruction 
and patchy and striated nephrogram of the left kidney due to renal 
vasoconstriction 


Illustrations 


12. Renal Cortical Necrosis 
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Acute renal cortical necrosis developed following gastrec- 
tomy for stomach cancer in a 73-year-old man. (A) Spectral Doppler 
US of the left kidney shows elevated resistive index (0.81). (B) Contrast- 
enhanced CT shows lack of contrast enhancement selectively in the 


renal cortex with preserved enhancement of the renal medulla. Note a 
thin, enhancing rim of subcapsular cortex (arrowheads). There is a 
renal cyst in the right kidney. (C) Contrast-enhanced T1-weighted MR 
image similarly shows lack of enhancement in the renal cortex 
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13. Exercise-Induced Acute Renal Failure 


Exercise-induced acute renal failure in a 18-year-old man. 
The patient presented with anuria, which developed following a track 
race. (A) US of the right kidney shows globular swelling, slightly 
increased cortical echogenicity, and preserved corticomedullary con- 
trast. (B) Spectral Doppler US shows decreased end-diastolic frequency 
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shift and elevated resistive index (0.78). (C) US of the right kidney 
taken 2 days later shows decreased renal swelling. (D) Spectral Doppler 
US obtained at the same time of C shows normalized Doppler spectral 


waveform with normal resistive index (0.60) (From Kim and Kim 
2000) 


Illustrations 
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Exercise-induced acute renal failure developed following a 
track race in a 16-year-old male patient. (A and B) Contrast-enhanced 
CT scans in early cortical phase demonstrate ill-defined perfusion 
defects (arrowheads) in the renal cortex. (C and D) On nephrographic 


phase CT scans, the perfusion defects (arrowheads) are better demon- 
strated. (E and F) Nonenhanced CT scans obtained 24 h later demon- 
strate patchy areas of delayed enhancement (arrowheads). These areas 
correlate well with perfusion defects seen on (A—D) 
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An 18-year-old man with exercise-induced acute renal fail- 
ure. (A) Longitudinal US of the left kidney shows swollen kidney with 
increased cortical echogenicity and prominent hypoechoic medulla. 
(B) Spectral Doppler US obtained from the right kidney shows 
markedly increased resistive index of 1.0. (C) Contrast-enhanced CT 
shows swollen both kidneys and obliterated renal sinus. The renal 


parenchyma is poorly enhanced but excreted contrast material is seen 
in the renal pelvis (arrows). Note small amount of ascites (A). (D) On 
24-h delayed CT scan, both kidneys are densely enhanced with streaky 
nephrogram. (E) A 72-h delayed CT demonstrates multiple, wedge- 
shaped areas of prolonged contrast enhancement 
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14. Rhabdomyolysis-Associated Acute Renal Failure 


Fig. 14.2 A 38-year-old woman with acute renal failure secondary to 
rhabdomyolysis caused by carbon monoxide poisoning. T1-weighted 
MR image shows swollen kidneys with relatively preserved corticome- 
dullary contrast by low-signal intensity of renal medullae (arrows) 


4 


Fig. 14.1 Rhabdomyolysis-associated acute renal failure that occurred 
following a snake bite in a 48-year-old woman. (A and B) T1-weighted 
MR images in axial (A) and coronal (B) planes show globular swelling 
of both kidneys and relatively preserved low-signal intensity of the 
renal medullae (arrows) and resultant preserved corticomedullary con- 
trast. Renal biopsy revealed acute tubular necrosis (From Kim et al. 
1992c) 
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15. Hepatorenal Syndrome 


Fig. 15.1 Hepatorenal syndrome in a 68-year-old man who had liver resistive index (0.86). (B) Contrast-enhanced CT obtained for evalua- 
cirrhosis and hepatocellular carcinoma. (A) Spectral Doppler US of the tion of the liver shows swelling of the both kidney with poor contrast 
left kidney shows decreased end-diastolic frequency shift and elevated enhancement. There is a large amount of ascites 
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16. Hemorrhagic Fever with Renal Syndrome 


Fi 3 Hemorrhagic fever with renal syndrome in a 38-year-old 
man. T2-weighted MR image well demonstrates the low-intensity 
lesions along the outer medulla (arrowheads) 


| Hemorrhagic fever with renal syndrome in a 45-year-old 
man. Longitudinal US of the right kidney shows enlarged kidney and 
increased renal cortical echogenicity. Renal medullae are prominent 
and corticomedullary contrast is preserved 
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2 Hemorrhagic fever with renal syndrome in a 47-year-old 
man. (A) Tl-weighted MR image shows globular renal swelling. (B) 
T2-weighted MR image shows low-intensity bands along the outer 
medulla (arrows) due to congestion and hemorrhage 
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Fig. 16.4 Specimen MR 
imaging of the kidney of a 
21-year-old man who succumbed 
to hemorrhagic fever with renal 
syndrome. (A) T1-weighted (left) 
and T2-weighted (right) MR 
images of the autopsy specimen 
of the kidney clearly shows 
low-intensity lesions along the 
outer medulla. (B) Specimen 
photograph of the kidney shows 
congestion and hemorrhage in 
the outer medullary region 

(A and B, From Kim et al. 1997) 
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17. Paroxysmal Nocturnal Hemoglobinuria 


Fig.17.1 Paroxysmal nocturnal hemoglobinuria in a 42-year-old man. well demonstrates the low signal intensity of the renal cortex and nor- 
(A) T1-weighted MR image shows that the signal intensity of the renal mal high intensity of the renal medulla 
cortex is lower than that of the medulla. (B) T2-weighted MR image 
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Fig. 17.2 Paroxysmal nocturnal hemoglobinuria in a 36-year-old 
woman. (A) Renal Doppler US shows normal gray-scale US findings and 
normal Doppler spectral patterns. (B) Nonenhanced CT scan shows 
slightly high attenuation of the renal cortex (asterisks) as compared to the 
medulla due to iron deposition in the cortex. (C) T2-weighted MR image 


clearly demonstrates the low signal intensity of the renal cortex. (D) 
Photomicrograph of the renal biopsy specimen with iron staining shows 
extensive deposition of hemosiderin in the epithelial cells of the proximal 
convoluted tubules, which appears as dark spots in this photograph 
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18. Other Causes of Iron Deposition in the Kidney 


Fig. 18.1 Iron deposition in the renal cortex caused by intravascu- 
lar hemolysis due to malfunctioning prosthetic cardiac valves in a 
50-year-old woman who received mitral and tricuspid valve replace- 
ments 7 years ago. (A-C) T1-weighted axial (A) T2-weighted axial 
(B) and enhanced T1-weighted coronal (C) MR images show diffuse 


low signal intensity of the renal cortex with preserved medullary 
signal intensity. This MR imaging findings are basically the same as 
the findings of paroxysmal nocturnal hemoglobinuria (A-C, From 
Lee et al. 1999) 
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19. Chronic Renal Failure 


Chronic renal failure in a 78-year-old man. Longitudinal US 
shows small-sized right kidney with markedly increased renal paren- > Chronic renal failure with prominent perirenal fat in a 
chymal echogenicity and obliterated corticomedullary contrast 63-year-old man. Longitudinal US of the left kidney shows contracted 
kidney with lobulated margin. Note prominent hypoechoic perirenal fat 
(arrowheads) that surrounds the echogenic kidney 


| End-stage renal disease in a 71-year-old man. Nonenhanced 
CT shows small contracted both kidneys and prominent fatty tissues in 
the renal sinus and perirenal space 


Fi Chronic renal failure with ascites and perirenal fluid collec- 
tion in a 28- -year-old man. (A) Longitudinal US of the right kidney 
shows ascites (arrows) and fluid collection in the perirenal space 
(arrowheads). (B) Nonenhanced CT scan well demonstrates ascites 
(arrows) and perirenal fluid (arrowheads) 
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20. Renal Osteodystrophy 


Renal osteodystrophy is a 38-year-old woman with chronic extensive vascular calcifications and bony resorptions (arrowheads). 
renal failure and secondary hyperparathyroidism. (A and B) Plain Note periosteal neostosis of medial aspect of the left femur (arrows) 
radiographs of the left thigh (A) and both hands (B) demonstrate 


< 


Renal osteodystrophy in a 62-year-old woman. Plain radio- 
graph of the skull in lateral projection shows a typical salt-and-pepper 
appearance due to subperiosteal resorption 
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Introduction 


Hak Jong Lee 


Nephrocalcinosis represents calcification of the renal 
parenchyma. It can be divided into cortical and medullary 
nephrocalcinosis according to the site involved. The most 
common causes of cortical nephrocalcinosis are chronic 
glomerulonephritis and acute cortical necrosis. Radiographic 
findings of cortical nephrocalcinosis include a single thin 
peripheral band of calcification or diffuse distribution of 
punctuate calcifications. Due to signal void, calcifications 
appear hypointense both on T1- and T2 weighted images. 
The causes of medullary nephrocalcinosis include hyper- 
parathyroidism, renal tubular acidosis, and medullary sponge 
kidney. The typical radiographic finding of medullary neph- 
rocalcinosis is bilateral, stippled calcifications involving 
renal pyramids. On ultrasound, medullary nephrocalcinosis 
appears as increased echogenicity of the renal medulla. 
Primary or secondary oxalosis and some kinds of renal 
infections characteristically demonstrate both cortical and 
medullary nephrocalcinosis. 


Cortical Nephrocalcinosis 


Cortical nephrocalcinosis is characterized by the peripheral 
location of the parenchymal calcifications. Most common 
causes of cortical nephrocalcinosis are renal cortical necrosis 
and chronic glomerulonephritis. The causes of cortical neph- 
rocalcinosis are listed in Table 1. 

Renal cortical necrosis, which represents death of the 
renal cortex with sparing of the medulla, results from any 
condition that causes an acute and prolonged shock. It occurs 
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Table 1 Common causes of cortical nephrocalcinosis 


Acute cortical necrosis 
Alport's syndrome 

Chronic glomerulonephritis 
Chronic hypercalcemic states 
Ethylene glycol poisoning 
Methoxyflurane toxicity 
Oxalosis 

Rejected renal transplant 
Sickle cell disease 


often in pregnant women with third-trimester bleeding 
secondary to abruptio placenta or placenta previa. Renal 
cortical necrosis can also occur in conditions of sepsis, trans- 
fusion reaction, dehydration, and shock. 

Cortical nephrocalcinosis also has been seen in chronic 
glomerulonephritis, rejected renal transplants, hereditary 
nephropathy with deafness (Alport’s syndrome), severe forms 
of primary hyperoxaluria, chronic paraneoplastic hypercalce- 
mia, and infections associated with acquired immunodefi- 
ciency syndrome caused by cytomegalovirus, Mycobacterium 
avium-intracellulare, or Pneumocystis carinii. 

Radiographic findings of cortical nephrocalcinosis include 
a single thin peripheral band of calcification, often with per- 
pendicular extensions into the Bertin’s septa, parallel calcific 
tracks showing tram-line appearance, or diffuse distribution of 
punctuate calcific densities representing necrotic calcified cor- 
tical glomeruli and tubules. Ultrasonography (US) shows 
increased cortical echogenicity that may produce acoustic 
shadowing. CT scans demonstrate increased CT attenuation 
values in the renal cortex. CT will display punctate band or 
tram-line calcification in the basal and septal cortex with 
sparing of the medulla. CT scan is sensitive and can detect 
nephrocalcinosis before it can be detected on plain radiogra- 
phy. Due to signal void, calcifications will appear hypointense 
both on T1- and T2- weighted images. Small calcifications are 
therefore easily missed on MR imaging. 
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Table 2 Common causes of medullary nephrocalcinosis 


Barter syndrome 

Bone metastasis 

Chronic pyelonephritis 

Cushing syndrome (endogenous, exogenous) 
Hyperparathyroidism 

Hyperthyroidism 

Hypothyroidism 

Idiopathic hypercalcemia 

Malignancy 

Medullary sponge kidney 

Nephrotoxic drugs (amphotericin B, outdated tetracycline) 
Primary hyperoxaluria 

Renal papillary necrosis (especially analgesic nephropathy) 
Renal tuberculosis 

Renal tubular acidosis 

Sarcoidosis 

Sickle cell disease 

Vitamin D excess 


Medullary Nephrocalcinosis 


The most common causes of medullary nephrocalcinosis are 
hyperparathyroidism, renal tubular acidosis, and renal tubular 
ectasia (medullary sponge kidney). The causes of medullary 
nephrocalcinosis are listed in Table 2. Approximately 40% of 
cases of medullary nephrocalcinosis are attributable to primary 
hyperparathyroidism and 20% to renal tubular acidosis. 

Primary hyperparathyroidism is described as a common 
disorder of mineral metabolism characterized by incom- 
pletely regulated, excessive secretion of parathyroid hormone 
from one or more of the parathyroid glands. The hallmark of 
this disorder is hypercalcemia, a low-normal phosphate level, 
and high parathyroid hormone. The signs and symptoms of 
hyperparathyroidism reflect the combined effects ofincreased 
parathyroid hormone secretion and hypercalcemia. 

Renal tubular acidosis may be the result of excessive uri- 
nary loss of bicarbonate ions, impaired excretion of hydro- 
genions, or both. Impaired tubular reabsorption of bicarbonate 
ions followed by urinary loss of bicarbonate ions is a proxi- 
mal tubular defect, whereas impaired ability of secreting 
hydrogen ions in the distal nephrons is a distal tubular defect. 
Most patients with renal tubular acidosis showing nephrocal- 
cinosis have distal tubular defects. 

Asymmetric medullary nephrocalcinosis is commonly 
seen in medullary sponge kidney. Medullary sponge kidney 
is arenal malformation associated with a high risk of neph- 
rocalcinosis and renal stones, with urinary acidification and 
concentration defects, cystic anomalies of precalyceal ducts 
and a moderate risk of developing urinary infections and 
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renal failures. Typical imaging findings reveal collections of 
contrast medium in ectatic papillary ducts, or linear striations, 
or of bouquets of papilla. Medullary nephrocalcinosis is 
frequent in medullary sponge kidney, but not always present, 
and it is not mandatory for diagnosis. 

The other causes of medullary nephrocalcinosis are any 
conditions showing hypercalcemia such as malignancy, bone 
metastasis, Cushing’s syndrome, milk-alkali syndrome, sar- 
coidosis, hypervitaminosis D, and amphotericin B toxicity. 
Nephrolithiasis can be caused by the same conditions in 
which medullary nephrocalcinosis occur. 

The typical plain radiographic finding of medullary neph- 
rocalcinosis is bilateral, stippled calcifications involving the 
renal pyramids. CT may show uniform deposition of calcium 
in the renal medulla or asymmetric calcification in renal 
medulla characterized by calcifications in the dilated collect- 
ing ducts of renal tubular ectasia. 

On US, medullary nephrocalcinosis appears as increased 
echogenicity of the renal medulla resulting in reversal of the 
normal corticomedullary echogenicity. The medullary pyra- 
mids may become more echogenic than the adjacent cortex. 
Small echogenic foci at the tips of medullary pyramids can be 
observed, which present the US demonstration of the calcific 
medullary plaques and foci as the precursors of renal calculi. 

Increased medullary echoes on US, so-called hyperechoic 
medulla, are most often found in premature infants treated with 
furosemide to prevent pulmonary congestion of bronchopul- 
monary dysplasia. Furosemide causes hypercalciuria and neph- 
rocalcinosis. The differential diagnosis of a hyperechoic kidney 
is based on the size of the kidney and the site of the abnormal- 
ity. In addition, the architecture of the kidney must also be 
taken into consideration. The hyperechoic medulla can be 
divided into three major imaging patterns: the hyperechoic 
large kidney with abnormal architecture; the hyperechoic small 
kidney with abnormal architecture; hyperechoic medullary 
pyramids with otherwise normal architecture. The examples of 
the hyperechoic large kidney with abnormal architecture 
include polycystic kidney disease, diffuse cystic dysplasia, and 
renal vein thrombosis. Hypoplastic, dysplastic kidney, and 
ischemic or hemorrhagic kidney can show small hyperechoic 
kidney with abnormal architecture. The causes of hyperechoic 
medulla with normal architecture include furosemide usage, 
oxalosis, vitamin D toxicity, renal tubular acidosis, hypercalce- 
mia, infection, Cushing’s syndrome with increased fat, and 
abnormal protein deposition disorder. 

The patterns of medullary nephrocalcinosis are different 
according to the underlying diseases. In the cases of hyper- 
parathyroidism or renal tubular acidosis, diffuse or uniform 
calcification usually occurs. On the other hand, in the cases 
of medullary sponge kidney, the calcifications are often 
asymmetrical, segmental, or unilateral. 
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Combined Medullary and Cortical 
Nephrocalcinosis 


Primary and secondary oxalosis characteristically demon- 
strate both cortical and medullary calcifications. The pattern 
of calcifications in oxalosis is diffuse and regular. Although 
renal oxalosis produces increased cortical echogenicity early 
in its course, it eventually results in diffusely echogenic kid- 
neys without corticomedullary differentiation. CT reveals 
global calcification of the cortex and medulla. 

Nephrocalcinosis caused by infection with Mycobacterium 
avium- intracellulare, Pneumocystis carinii, or Histoplasma may 
asymmetrically involve the renal cortex and medulla in patients 
with acquired immunodeficiency syndrome. Partial cortical and 
medullary nephrocalcinosis may be caused by dystrophic cal- 
cification secondary to infection by an atypical mycobacterium 
or other organisms in these patients. US shows focal areas of 
increased echogenicity within the kidney. CT in these patients 
shows increased attenuation in some pyramids and interrupted 
cortical calcifications. 
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1. Cortical Nephrocalcinosis Due to Renal Cortical Necrosis 


F Cortical nephrocalcinosis due to renal cortical necrosis caused 
by massive bleeding and shock after abortion in a 28-year-old woman. 
(A) Longitudinal US of the right kidney performed 1 week after the 
incident shows no morphologic abnormality. (B) Longitudinal US of 
the right kidney obtained 1 month later shows increased parenchymal 
echogenicity, especially along the outer margin of the kidney (arrows). 
(C) Plain radiograph shows egg-shell calcification outlining both kid- 
neys (arrowheads). (D) Nonenhanced CT clearly demonstrates calcifi- 


cations along the outer cortex. (E) T2-weighted MR image demonstrates 
low-intensity renal cortex due to calcifications. Note that the cortical 
columns (arrowheads) also show low signal intensity (C, From Kim 
SH, Kim B. Renal parenchymal disease. In: Pollack HM, McClennan 
BL, editors. Clinical urography, vol. 3. 2nd ed. Philadelphia: WB 
Saunders Co; 2000. p. 2652-87 and Kim SH, Han MC, Lee JS. MR 
imaging of acute renal cortical necrosis. Acta Radiol. 1992;33:431-3) 


Illustrations 535 


2. Medullary Nephrocalcinosis Due to Medullary Sponge Kidney 


` 


2. 


Fig. 2.1 Medullary sponge kidney with medullary nephrocalcinosis in mottled and brush appearance of the renal medulla due to contrast 
a 61-year-old woman. (A) Plain radiograph shows mottled calcifica- material in the dilated collecting ducts, some of which contain 
tions in the medullary regions of both kidneys (arrows). (B) IVU shows calcifications 


7% 


Fig. 2.2 Medullary sponge kidney with medullary nephrocalcinosis in a 49-year-old woman. (A) Plain radiograph shows multiple small calcifica- 
tions in the renal medullary regions. (B) IVU shows mottled and brush appearance of the renal medulla 
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Fig. 2.3 Cystic variant of medullary sponge kidney with medullary (arrows). (B) Fifteen-minute delayed IVU shows cystic dilatation of the 
nephrocalcinosis in a 47-year-old woman. (A) Plain radiograph shows medullary portions (arrows) 
multiple small and large calcifications in the renal medullary regions 
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Fig. 2.4 Dense irregular calcifications associated with medullary shows cystic space opacified with contrast material in the regions where 
sponge kidney in a 39-year-old woman. (A) Plain radiograph shows calcifications were seen on plain radiograph. Also note other medullary 
large irregular calcification in lower portion of left kidney. (B) IVU cystic portions in both kidney, suggesting medullary sponge kidney 
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Fig. 2.5 Medullary sponge kidney with medullary nephrocalcinosis in 
a 52-year-old woman with renal duplication. (A) Plain radiograph 
shows multiple small and large calcifications in the renal medullary 
regions (arrows). (B) Five-minute delay IVU shows typical mottled and 


brush appearance of the renal medulla. Also note renal duplication 
involving left urinary tract. (C) Longitudinal US of the right kidney 
shows dense medullary echoes with posterior sonic shadowing suggest- 
ing medullary nephrocalcinosis 
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Fig. 2.6 Unilateral medullary sponge kidney with urinary tract 
stones in a 62-year-old woman. Precontrast CT scan shows 
irregular calcifications in the medullary regions. Also note large 
simple cyst in left kidney 
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dl: Posa 
. 2.7 CT demonstration of medullary sponge kidney in a 49-year- CT image shows irregular calcifications and “brush” in both kidneys. 


old woman. (A) Precontrast CT scan shows irregular multiple calcifica- (C) Coronal reformatted CT image also reveals multiple calcifications 
tions in the medullary regions. (B) Maximal intensity projection (MIP) located in medulla of both kidney 


Illustrations 541 


3. Medullary Nephrocalcinosis Due to Renal Tubular Acidosis 


Fig. 3.1 US of Medullary nephrocalcinosis in a 52-year-old 
woman with renal tubular acidosis. Longitudinal US of the right 
kidney shows dense echoes with posterior sonic shadowing in the 
medullary regions. The echoes suggesting calcifications are small 
and uniform in size 
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Medullary nephrocalcinosis in a 34-year-old woman with 
renal tubular acidosis. (A) Plain radiograph shows mottled calcifica- 
tions occupying entire medullary regions of both kidneys. The calcifi- 
cations are relatively small and uniform in size comparing calcifications 
in medullary sponge kidney. (B) Nonenhanced CT reveals multiple cal- 
cifications in the medullae of both kidneys. (C) Longitudinal US of the 


right kidney shows dense echoes with posterior sonic shadowing in the 
medullary regions. (D) Color Doppler US of the right kidney shows the 
same findings. Note the echogenic lesion in the lower-polar region 
shows color twinkling artifacts (arrow) indicating the presence of 
calcifications 
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Fig. 3.3 US and CT findings of medullary nephrocalcinosis due to dis- of both kidneys. (B) US shows triangular shaped echogenic lesions 
tal renal tubular acidosis in a 46-year-old woman. (A) Nonenhanced CT involving whole renal medulla 
shows multiple, relatively uniform-sized calcifications in the medullae 
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4. Medullary Nephrocalcinosis Due to Other Causes 


Medullary nephrocalcinosis associated with autosomal reces- 
sive polycystic kidney disease in a 23-year-old woman. Nonenhanced 
CT shows mottled calcifications in the renal medullae of both kidneys. 
The left kidney is not included in this image due to splenomegaly 


Lo all 


Medullary nephrocalcinosis in a 26-year-old woman with 
hyperparathyroidism duet to parathyroid adenoma. Plain radiograph 
shows numerous, dense calcification distributed quite symmetrically 
throughout the medullary regions of both kidney 


Hyperechoic medulla in a 39-year-old man with hepatitis-B 
virus associated membranoproliferative glomerulonephritis. (A) 
Longitudinal US of the right kidney shows increased echogenicity 
along the outer medulla (arrowheads). (B and C) Nonenhanced CT 
scans show faint, curvilinear calcifications along the outer medulla 
(arrowheads) 
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Fig. 4.4 Medullary nephrocalcinosis in a 14-year-old boy 

with cystinosis. Nonenhanced CT shows diffuse, mildly increased 
attenuation throughout the medullary regions due to sulfur- 
containing cystine deposits 
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5. Hyperechoic Medulla on US 


Hyperechoic medulla in a 72-year-old man with gout. 


Longitudinal US of the right kidney shows hyperechoic renal medulla 


A Hyperechoic medulla in a 44-year-old woman with history of 
taking furosemide for 10 years. (A) Longitudinal US of the right kidney 
shows hyperechoic rims along the outer medulla, which do not accom- 
pany posterior sonic shadowing. (B) Nonenhanced CT demonstrates 
layer of subtle high attenuation in the outer medulla (arrowheads) 


Hyperechoic medulla in a 36-year-old woman without history 
of using diuretics. The patient did not have hypokalemia and the renal 
function was normal. Longitudinal (A) and axial (B) US of the left kid- 
ney shows hyperechoic medulla along the outer medulla 
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Fig. 5.4 Hyperechoic medulla in a 41-year-old man with urticarial increased echogenicity in renal medulla. The relationship between 
vasculitis. (A) Longitudinal US of the right kidney shows diffuse hyper- hyperechoic medulla and urticarial vasculitis is uncertain 
echogenicity in the renal medulla. (B) Axial US reveals diffuse 
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6. Cortical and Medullary Nephrocalcinosis 


Fig. 6.1 Cortical and medullary nephrocalcinosis in oxalosis patient. shows relatively heterogeneously dense kidneys caused by diffuse cor- 
(A) Plain radiograph shows the diffusely dense kidneys suggesting cor- tical and medullary nephrocalcinosis. (D) Surface shaded display of CT 
tical and medullary nephrocalcinosis. (B) Axial US shows diffuse scan reveals dense radiopaque bilateral kidneys. (E) CT angiography 
increased echogenicity in whole right kidney. (C) Nonenhanced CT also shows dense radiopaque kidneys 
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Fig. 6.1 (continued) 


Fig. 6.2 Diffuse increase in opacity of the kidneys in a 3-month-old 
male infant due to oxalosis. (A) Plain radiograph shows bilaterally 
enlarged kidney that have a uniform increase in opacity. (B) Longitudinal 
US of the right kidney shows diffuse, uniformly increased echogenicity 
of the renal parenchyma with prominent posterior sonic shadowing 
caused by oxalosis 
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Introduction 


Young Taik Oh and Hak Jong Lee 


Urolithiasis is the most common disorder of the urinary tract 
and a common cause of obstructive uropathy. The prevalence 
of urinary stones increases with age and appears to have 
increased in recent decades. Stone formation is related to pre- 
disposing nondietary, dietary, and urinary factors. Renal colic 
is the most common clinical manifestation of urolithiasis, 
accompanied by hematuria, nausea, and vomiting. About 80% 
of urinary stones are calcium stones. Determination of etiol- 
ogy and treatment modality is influenced by the mineral con- 
tent of stones. The radiological imaging of urolithiasis has 
evolved over the past few decades with technical advances. 
The purpose of imaging of urolithiasis is not only to confirm 
the presence of urinary tract stones but also to provide guide- 
lines for management. Nonenhanced computed tomography 
(CT) has been accepted as the imaging modality of choice in 
the radiologic evaluation of patients suspected of having uro- 
lithiasis. The emergence of multidetector CT (MDCT) and the 
recent introduction of dual-energy CT (DECT) have further 
reinforced the superiority of this modality over other imaging 
techniques in the management of urolithiasis. 


General Considerations 
Incidence and Epidemiology 
Urolithiasis is the most common disorder of the urinary tract 


and a common cause of obstructive uropathy. The prevalence 
of urinary stones increases with age and is about 2-3 times 
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more common in men than in women. In a reported study in 
United States, it is estimated that up to 14% of men and 6% 
of women will develop a stone disease during their lifetime. 
The prevalence appears to have increased in recent decades. 
Although this increase may be real, increased detection of 
asymptomatic stones by increasing use and sensitivity of 
imaging studies may play a role. Renal stones tend to recur, 
and the recurrence rate is about 75% over 20 years. 

Stone formation is generally divided into nondietary, 
dietary, and urinary predisposing factors. High risk of non- 
dietary factors includes positive family history, systemic 
disorders (e.g., primary hyperparathyroidism, renal tubu- 
lar acidosis, Crohn’s disease, gout), and a hot climate. The 
composition of the urine is influenced by dietary intake, 
and several dietary factors have been proposed to modify 
the risk of nephrolithiasis, such as calcium, oxalate, and 
sodium. Fluid intake reduces the risk of stone formation. 
Hypercalciuria and hyperoxaluria appear to be risk factors 
for stone formation. 


Mechanisms of Stone Formation 


Stone pathogenesis comprises two fundamental processes: 
nucleation of insoluble crystals in urine and subsequent 
retention of the crystals within the urinary tract. Theories 
of stone formation include precipitation crystallization 
theory, stone matrix theory, and inhibitors of crystalliza- 
tion theory, but the exact mechanism is not known. Randall 
observed two types of papillary calcifications known as 
Randall’s plaque: calcium deposition on the basement 
membrane of the collecting tubules (type I) and calcium 
deposition in the collecting tubule or papillary duct (type 
II). Randall’s plaques are found in most patients with 
calcium urolithiasis. 


553 


DOI 10.1007/978-3-642-05322-1_25, © Springer-Verlag Berlin Heidelberg 2012 


554 


Clinical Manifestations 


The most common clinical manifestation of urolithiasis is 
renal colic. Symptoms may differ according to site of lodged 
stones: stones impacted at the ureteropelvic junction cause 
flank pain; stones lodged in the proximal ureter cause flank 
pain radiating to the genitals; stones lodged at the ureterovesi- 
cal junction cause voiding urgency, suprapubic discomfort, 
and pain that radiates into the groin and genitals. Hematuria, 
nausea, and vomiting may accompany renal colic. Struvite 
stones are usually asymptomatic before causing obstruction. 
Physical examination findings are usually nonspecific, and 
the examination should be targeted to rule out other abdomi- 
nal conditions mimicking urolithiasis. Although renal colic is 
dramatically relieved with passage of the stone, the symp- 
toms may not disappear completely after the passage of the 
stone and the patient may complain of persistent flank pain or 
discomfort, hematuria, and/or persistent urinary tract 
infection. 


Composition and Classifications of Calculi 


The analysis of the mineral content of a stone is important to 
determine etiology and treatment modality. The frequencies 
and mineral compositions of stones appear in Table 1. 


Calcium Stones 


Calcium stones are the most common stones formed in the 
urinary tract. They are commonly composed of a mixture 
of calcium oxalate and calcium phosphate with oxalate pre- 
dominating. Calcium oxalate is a radiopaque crystal that 
usually occurs in uninfected urine, and two forms of these 
crystals may be seen in calculi, a monohydrate, and a dihy- 
drate. Pure calcium oxalate monohydrate calculi are usually 
small, smooth or mamillated, and densely opaque. Grossly, 
such a stone resembles a mulberry. Calcium oxalate dihydrate 
infrequently forms a pure stone but commonly combines 


Table 1 Frequencies and mineral compositions of stones 


Calcium 70-80 
Calcium phosphate 5-10 
Calcium oxalate-phosphate 30-40 
Calcium oxalate 20-30 

Struvite 15-20 

Cystine 13 

Uric acid 5-10 


‘In order of decreasing radiographic opacity 
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with other crystals, most frequently with monohydrate. 
As dihydrate crystallizes in a spiculated fashion, mixed 
oxalate calculi have jagged or irregular shape. Theses 
stones are known as jackstone. Calcium oxalate monohy- 
drate stones are more resistant to extracorporeal shock wave 
lithotripsy (SWL) than dihydrate stones. Calcium oxalate 
stones are frequently mixed with calcium phosphate, uric 
acid, and magnesium ammonium phosphate. 

The next common substance is calcium phosphate. 
Calcium phosphate stones are often multiple and associated 
with primary hyperparathyroidism. Calcium phosphate 
rarely forms a pure calculus but commonly combines with 
either calcium oxalate or magnesium ammonium phosphate, 
causing a laminated appearance of these mixed stones. 
Calcium phosphate is an important constituent of calculi 
present in infected, alkaline urine. 


Magnesium Ammonium Phosphate Hexahydrate 
(Struvite) Stones 


Struvite or infection-induced stones account for 15-20% of 
all renal calculi and occur with a female-to-male ratio of 2:1. 
These stones are usually associated with alkaline urine, and 
almost always accompanied by urinary tract infection caused 
by urea-splitting bacteria such as Proteus species, Klebsiella, 
and Pseudomonas. 

Pure struvite stones are of relatively low radiopacity 
and quite rare. More often struvite stones are laminated 
with more dense calcium salts, usually calcium phosphate. 
These laminations in struvite stones suggest repeated uri- 
nary tract infection and frequent changes in urinary pH. 
They often have a shape of staghorn or coral calculi. 


Uric Acid Stones and Other Radiolucent Stones 


Uric acid stones account for 5-10% of all calculi. Pure uric 
acid stones are radiolucent. Patients with uric acid stones 
have hyperuricosuria and acidic concentrated urine. A pure 
uric acid stone tends to be relatively small, smooth, and is 
often disc-shaped. Conditions predisposing to uric acid stone 
formation include acidic and strongly concentrated urine, 
excess urinary excretion of uric acid, distal small bowel dis- 
ease or resection, ileostomy, myeloproliferative disorders 
treated with chemotherapy, and inadequate caloric or fluid 
intake. 

Radiolucent stones other than uric acid stone include cys- 
tine stone, xanthine stone, and matrix stones. Matrix stones 
are soft, mushy, poorly mineralized urinary mucoid concre- 
tions. The matrix is organic substance such as mucoprotein 
or mucopolysacchride. 


Introduction 
Radiologic Findings 


With technologic advances and a better understanding of the 
disease process, imaging of urolithiasis has evolved over the 
past few decades. Successful management of urolithiasis 
requires the information regarding the location, size, and 
chemical composition of calculi, as well as the presence of 
anatomic and functional anomalies in the upper urinary tract. 
The purpose of imaging of urolithiasis is not only to confirm 
the presence of urinary tract stones but also to provide guide- 
lines for management. 


Conventional Imaging Techniques 


Plain abdominal radiograph (kidney, ureter, bladder [KUB]) 
can detect urinary tract calculi because about 90% of them are 
radiopaque. However, several factors decrease sensitivity in 
the detection of urinary stones, including bowel gas, extrarenal 
calcification, and large patient habitus. Despite its limitations, 
KUB is useful for planning SWL, and monitoring the status of 
stone fragments after lithotripsy. Intravenous urography (IVU) 
has been replaced by CT in the evaluation of urologic diseases 
including urolithiasis. Radiopaque stones, especially with 
obstruction, are readily detected by IVU. Ureteral stone usu- 
ally causes ureteral spasm, which manifests as narrowing of 
the ureter just distal to the stone. On the other hand, ureteral 
tumors, by nature of their slow growing within the ureteral 
lumen, tend to demonstrate ureteral widening just distal to the 
tumor’s lower margin, which is known as Bergman’s sign. 
However, IVU misses many renal and ureteric calculi and car- 
ries risks associated with the injection of iodinated contrast 
material. Ultrasound (US) has an advantage in the safety and 
ease accessibility but limitations in diagnostic value. Its accu- 
racy is modest with reported sensitivities ranging from 37% to 
64% for calculus detection and 74% to 85% for the detection 
of acute obstruction. Stones in the pelvicalyceal system can be 
reliably identified only if they are larger than 5 mm. 
Furthermore, stones in the ureter are poorly visualized unless 
sited within the proximal ureter or at the vesico—ureteric junc- 
tion. Color Doppler twinkling artifacts from urinary stones 
occur frequently and may be helpful in determining the pres- 
ence of urinary stones. Endovaginal and transperineal imaging 
have been found to be sensitive in the detection of small stones 
in the distal ureter. 


Computed Tomography 
Nonenhanced CT has been accepted as the imaging modality of 


choice in the radiologic evaluation of patients suspected of hav- 
ing urolithiasis. CT is superior to other imaging modalities in 
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the diagnostic accuracy and assessment of their characteristics. 
The emergence of MDCT and the recent introduction of DECT 
have further reinforced the superiority of this modality over 
other imaging techniques in the management of urolithiasis. 
MDCT can acquire isotropic volume data and multiplanar refor- 
matted images generated from isotropic data sets allow more 
accurate detection of urinary stones than do axial images alone. 
The superb advantage of CT is its diagnostic accuracy. Over 
99% of stones, including radiolucent stones will be seen on non- 
enhanced CT. The exceptions are pure matrix stones and stones 
made of indinavir, a human immunodeficiency virus protease 
inhibitor. Measurement of CT numbers is helpful to differenti- 
ate stone composition. These values are as follows: 1,700-2,800 
Hounsfield unit (HU) for calcium oxalate monohydrate and 
brushite; 1,200-1,600 HU for calcium phosphate; 600- 
1,100 HU for cystine; 600-900 HU for struvite; 200-450 HU 
for uric acid. With DECT, a uric acid stone is now easily distin- 
guished from other types of stones with a high accuracy rate. 

The most direct CT sign for ureterolithiasis is a stone 
within the ureteral lumen, with proximal ureteral dilatation 
and a normal distal caliber. Ureteral dilatation may be absent. 
There are several helpful secondary signs at CT, including 
hydroureter, hydronephrosis, perinephric stranding, peri- 
ureteral edema, and unilateral renal enlargement. Less reli- 
able findings include unilateral absence of the white renal 
pyramid, thickening of the lateroconal fascia, and perinephric 
edema. Differences in renal parenchymal attenuation between 
obstructed and nonobstructed kidneys have also been used as 
a secondary sign of obstruction. 

For the differentiation of ureteral stones from extraurinary 
abdominal and pelvic calcifications such as phleboliths 
(sometimes mistaken for ureteral calculi), the “soft-tissue rim 
sign” and the “comet tail sign” have been used. The soft- 
tissue rim sign consists of a halo of soft-tissue attenuation 
around a calcific focus and is very specific for ureteral calculi 
rather than phleboliths. The comet tail sign is created by an 
eccentric, tapering soft-tissue area adjacent to the calcifica- 
tion and is a reliable feature in the diagnosis of phleboliths. 
Another feature that is helpful in the differentiation is the cen- 
tral lucent area seen in phleboliths, in contrast to the opacified 
centers seen in calculi. Intravenous contrast material may be 
administered in equivocal circumstances, with the stones 
being clearly depicted as filling defects in the contrast mate- 
rial—filled pelvicalyceal system or ureter on delayed phase 
images. 
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1. Calcium Stones 


Fig. 1.1 Calcium stone in a 45-year-old man. (A) Plain radiograph 

shows two radiopaque stones (arrows) in the right kidney. Note that the Fig. 1.2 Calcium oxalate stone in a 45-year-old man. (A) Plain radio- 
stones are homogeneously dense and have a smooth surface. (B) IVU graph shows a radiopaque stone with a fine spiculated margin in the left 
demonstrates that the stones are located in the ureteropelvic junction kidney (arrow). (B) IVU demonstrates a stone in the left renal pelvis 
(arrows) and obstructive hydronephrosis is seen in the right kidney (arrow) and a spasm (arrowhead) distal to the stone 
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Fig. 1.3 Renal calcium stone in an 18-year-old man. Plain radiograph 
shows a stone (arrow) with a fine, spiculated margin 


a 


Fig. 1.4 Calcium stones in a 41-year-old woman. (A) Plain radiograph 
shows a stone (arrow) in the left kidney. Note spiculated margin of the 
stone. (B) Nonenhanced CT shows the stone (asterisk) in the left renal 
pelvis. The spiculated margin is not well demonstrated on this CT 
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2. Uric Acid Stones 


Fig. 2.1 Uric acid stones in a 56-year-old man. (A) Plain radiograph 
shows no abnormal radiopacity. (B) IVU demonstrates a filling defect 
(arrow) in the lower polar calyx of the left kidney. (C) Nonenhanced 
CT reveals a stone (arrow) in the lower polar calyx of the left kidney 


‘ig. 2.2 Uric acid stones in a 59-year-old man with gout. (A) Plain 
radiograph shows no abnormal radiopacity. (B) Longitudinal US of the 
left kidney shows an echogenic stone (arrows) with posterior sonic 
shadowing in the lower pole of the left kidney. Note that there is no 
calyceal dilatation due to the stone. (C) Nonenhanced CT reveals stones 
(arrows) filling the lower polar calyx of the left kidney 


Illustrations 


Fig. 2.3 Multiple uric acid stones in a 21-year-old woman. (A) IVU 
shows two round, smooth-margined filling defects (arrows) in the pel- 
vocalyces of the left kidney. (B) Six months later, the patient com- 
plained of severe pain on her left flank. Retrograde pyelography shows 
obstruction of the left proximal ureter by distal migration of the stone. 
Note the absence of spasm and slight widening of the ureter just distal 
to the obstruction (arrow), which may suggest a finding of ureteral 
tumor rather than a stone if the history of the stone is not considered. 
The stone was composed of ammonium and urate 
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3. Matrix Stones 


A 


Fig. 3.1 Renal matrix stones with calcified centers in a 55-year-old 
man. (A) Plain radiograph shows multiple, small, round calcifications 
in the right upper abdomen. (B) Delayed IVU shows markedly dilated 
pelvocalyces that contain calcified stones. Note round radiolucencies 
(arrowheads) around the calcified stones. (C) Longitudinal US of the 
right kidney shows multiple, spherical, soft tissue masses containing 
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central calcified nidi accompanied by posterior sonic shadowing in the 
dilated renal pelvis. (D) Contrast-enhanced CT shows pelvocalyceal 
dilatation and multiple round masses of faint radiopacity (arrowheads) 
with central calcified nidi. (E) Photomicrograph of the friable material 
surrounding calcified nidi shows the amorphous, whorling appearance 
of fibrous matrix (From Kim et al. 1996) 
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4. Staghorn Stones 


Fig. 4.1 Staghorn stones in the left kidney in a 54-year-old woman. (A) Plain radiograph shows a large, lamellated stone in the left kidney. 
(B) IVU demonstrates dilated calyces (arrowheads) and focal narrowing of the ureteropelvic junction (arrow) due to the stone 


Fig. 4.2 Staghorn stones in the left kidney in a 61-year-old woman. surface of the staghorn stone (arrows) with posterior sonic shadowing. 
(A) Plain radiograph shows large staghorn stone (arrows) in the left (C) Nonenhanced CT reveals a large staghorn stone (arrows) filling 
kidney. (B) Longitudinal US of the left kidney shows densely echogenic pelvocalyx of the left kidney 
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Fig. 4.3 A staghorn stone with severe caliectasis in a 56-year-old man. nonenhanced CT of the left kidney demonstrates the staghorn stone 
(A) Plain radiograph shows a large staghorn stone in the renal pelvis (black arrow). Note dilated calyces (white arrows) around the stone 
and small stones in the lower polar calyx of the left kidney. (B) Coronal 
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5. CT Findings of Urolithiasis: Primary Sign 


Fig. 5.1 A stone in the ureter with obstructive hydronephrosis in a ureter (arrow). Nonenhanced coronal CT (C) shows a mild dilatation 
44-year-old woman. (A) Plain radiograph shows a calcification in the of ureter and pelvocalyces proximal to the stone (arrowheads). The 
left paravertebral region (arrow). (B and C) Nonenhanced transverse presence of stone in the urinary track is the primary (direct) sign of 
(B) and reformatted coronal (C) CT reveal a stone in the left upper urolithiasis in CT images 
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Fig. 5.2 A stone in the ureter with obstruction in a 55-year-old man. 
(A and B) Nonenhanced transverse (A) and reformatted coronal (B) CT 
show a stone in the left mid ureter (arrow). Nonenhanced coronal CT 
(A) demonstrates a mild dilatation and thickened wall of the ureter 
proximal to the stone (arrowheads) 


Fig. 5.3 Stones in the ureter with obstruction in a 62-year-old man. 
A nonenhanced reformatted coronal CT demonstrates stones (arrows) 
on both sides of the ureter. Note dilatations of the bilateral ureters 
proximal to stones (arrowheads) 
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4 A stone in the ureterovesical junction with obstruction in a 


30-year-old man. (A and B) Nonenhanced transverse (A) and reformat- 
ted coronal (B) CT reveal a stone in the left ureterovesical junction 
(arrow). Nonenhanced coronal CT (B) demonstrates a mild dilatation 
of the ureter proximal to the stone (arrowheads) 


Fig. 5.5 A stone in the ureterovesical junction with obstruction in a 
60-year-old man. A nonenhanced CT demonstrates a stone (arrow) on 
the right ureterovesical junction 


Fig. 5.6 A stone in the renal calyx in a 45-year-old man. (A) Plain 
radiograph shows a calcification (arrow) in the lower polar region of the 
left kidney. (B and C) Nonenhanced transverse (B) and reformatted 
coronal (C) CT demonstrate that the calcification (arrow) is located in 
a lower polar pelvocalyces 
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Fig. 5.7 Stones in the renal pelvis of a 45-year-old woman. (A and B) Nonenhanced (A) and enhanced (B) CT show two stones (arrows) in the 
right renal pelvis. Note the thick wall of the renal pelvis (arrowheads) 
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6. CT Findings of Urolithiasis: Secondary Sign 


Fig. 6.1 Secondary signs of ureter stone in a 51-year-old man. (C) CT demonstrate that the right kidney shows hydronephrosis and 
(A) Nonenhanced CT of mid abdomen level shows a ureter stone enlargement. Note the perinephric stranding (arrows) and absence 
(arrow). Note the soft tissue surrounding the stone, suggesting a of a white renal pyramid in the right kidney (arrowheads). These 
thickened ureteral wall and periureteral edema (arrowheads). findings are secondary signs of a ureter stone 

(B and C) Nonenhanced transverse (B) and reformatted coronal 
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Fig. 6.2 Secondary signs of a ureter stone in a 56-year-old man. 
(A and B) Nonenhanced transverse (A) CT reveals a small stone (arrow) 
in the right distal ureter. Enhanced reformatted coronal (B) CT shows a 
hydronephrosis (arrows) of the right kidney. Note fluid collection on 
the right perinephric space (arrowheads). (C and D) Six months later, 
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nonenhanced transverse (C) CT reveals the migration of the previous 
stone (arrow) to the ureterovesical junction. Enhanced reformatted 
coronal (D) CT shows a hydronephrosis and enlargement of the right 
kidney. Note the absence of the white renal pyramid in the right kidney 
(arrowheads) 
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ig. 6.4 Secondary signs of a ureter stone in a 62-year-old man. 
(A and B) Nonenhanced CT shows a stone on each side of the ureter 
(arrow). Note the periureteral edema and strands (arrowheads) 


Fig. € Secondary signs of a ureter stone in a 57-year-old man. 
(A and B) Nonenhanced (A) CT reveals a stone on the left mid ureter 
(arrow). Upper polar kidney level (B) CT shows the perinephric strands 
(arrows) and thickened lateral conal fascia (arrowheads) 
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Fig.6.5 Secondary signs of a stone in a 53-year-old woman. (A and B) 
Enhanced transverse (A) and coronal (B) CT show a stone (arrow) in 
the right renal pelvis. Note the diffuse soft tissue thickening around the 
stone, suggesting peripelvic edema (arrowheads) 
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7. Dual-Energy (Source) CT of Urolithiasis 


A calcium stone on DECT in a 46-year-old man. (A) Plain (arrow) in the right kidney. Postprocessing image of DECT shows the 
radiograph shows small calcification (arrow) in the lower polar region blue color of the stone, suggesting calcium stone. Note similar color of 
of the right kidney. (B and C) Nonenhanced CT (B) reveals a stone the spine with a calcium component 
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Fi A uric acid stone on DECT in a 59-year-old man. (A) Plain uric acid stone. DECT and the differences in the radiograph attenuation 
radiograph shows no definite calcification in both kidneys. (B and C) properties at high and low kilovolts allow accurate renal stone differentia- 
Nonenhanced CT (B) reveals a stone (arrow) in the left kidney. tion between uric acid—containing stones and calcium-contained stones 
Postprocessing image of DECT shows pink color of the stone, suggesting 
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Fig. 7.3 A virtual noncontrast image of DECT in a 74-year-old man. (C) of DECT demonstrate a stone (arrow) in the left kidney. Note the 
(A) Nonenhanced CT demonstrates a stone (arrow) on the left kidney. decrease in size of the stone (arrow) and extrarenal calcifications 
Note extrarenal calcifications (arrowheads). (B and C) Enhanced (B) (arrowheads) compared with nonenhanced CT (A) 

and virtual noncontrast (postprocessed image from enhanced DECT) 
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8. Ureter Stone Versus Phlebolith 


Fig.8.1 A 54-year-old man with a phlebolith. Plain radiograph shows 
multiple calcifications (arrows) in the pelvic cavity. Note the round 
margin and central radiolucency, suggesting phleboliths. Upper ones 
are vascular calcifications (arrowheads) 


.2 Comet tail sign of a phlebolith in a 52-year-old man. (A) Plain 
radiograph shows an ovoid calcification (arrow) in the left pelvic cavity. 
(B and C) Nonenhanced transverse (B) and coronal (C) demonstrate a 
calcification (arrow) in the left pelvic cavity. Note the linear soft tissue 
(arrowheads) attached to the calcification, suggesting a phlebolith with 
comet (phlebolith) tail (attached vessel) sign 
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Fig. 8.5 A ureter stone in a 42-year-old man. Nonenhanced transverse 
CT shows a small stone in the right ureter (arrow). Note the soft tissue 


Fig. 8.3 A phlebolith in a 39-year-old man. Nonenhanced coronal CT surrounding stone, suggesting soft rim sign 
shows a small calcification (arrow) with a linear soft tissue (arrow- 
heads), suggesting comet tail sign 
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Fig. 8.4 A 74-year-old man with a ureter stone. Nonenhanced trans- 
verse CT shows a small calcification (arrow) on the right pelvic cavity. 
Note the surrounding soft tissue (arrowheads), suggesting ureteral and 
periureteral edema and/or inflammation due to stone. This finding is 
called a soft rim sign of stone 
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9. US Findings of Urolithiasis 


Fig.9.1 A stone in the renal pelvis in a 48-year-old man. Longitudinal 
US of the left kidney shows dilated renal pelvis and an echogenic stone 
(arrows) within it. Note dense sonic shadowing (S) posterior to the 
stone 


Fig. 9.3 Renal stone with parenchymal scar in a 64-year-old man. (A) 
Longitudinal US of the left kidney shows a stone (arrow) with posterior 
sonic shadowing in the upper polar region. Note parenchymal scar 
(arrowheads) adjacent to the stone. (B) Color Doppler US of the left 
kidney shows decreased vascularity around the stone (arrow) due to 
parenchymal scarring 


Fig. 9.2 A staghorn stone in a 39-year-old man. Longitudinal US of 
the right kidney shows an echogenic stone (arrows) filling a renal pel- 
vis. Note the dense sonic shadowings (S) posterior to the stone 
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A stone in the ureterovesical junction seen on US in a 66-year- 
old man. (A) US of the bladder in the transverse plane shows a stone 
(arrow) in the region of the left ureterovesical junction. (B) Longitudinal 
US along the course of the left ureter shows the stone (arrow) in the 
ureterovesical junction and dilated distal ureter (arrowheads) 


Renal stones with color twinkling artifact in a 37-year-old 
woman. (A) Longitudinal US of the right kidney shows an echogenic 
lesion (arrows). Sonic shadowing is not evident posterior to the echo- 
genic lesion. (B) Color Doppler US shows strong twinkling artifact 
(arrowheads) posterior to the echogenic lesion (arrows), indicating that 
the echogenic lesion is a stone 
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Fig. 9.6 Renal stone with color twinkling artifact in a 70-year-old man. (A) Transverse US of the left kidney shows an echogenic lesion (arrow) with 
faint posterior sonic shadowing. (B) Color Doppler US shows prominent twinkling artifact (arrowheads) posterior to the echogenic lesion (arrow) 
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10. Calyceal Diverticulum with Stone 


Fig. 10.1 Calyceal diverticulum with stones in a 41-year-old woman. (arrow) that contains the stone. (C and D) Nonenhanced (C) and 
(A) Plain radiograph shows round calcifications (arrows) in the upper enhanced (D) CT demonstrate round stones (arrow) and calyceal diver- 
polar region of the right kidney. (B) IVU shows a calyceal diverticulum  ticulum in the right kidney 
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Fig. 10.2 Calyceal diverticulum with multiple small stones in a 35-year-old man. (A) Plain radiograph shows multiple small calcifications 
(arrow) in the upper polar region of the right kidney. (B) IVU shows a round calyceal diverticulum (arrow) that contains the stones 
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F Calyceal diverticulum containing sandy stones in a 64-year- 
old man. (A) Longitudinal US of the right kidney shows a cystic lesion 
(arrows) that has echogenic materials (arrowheads) layered in the 
dependent portion. (B) Plain radiograph in erect position shows sandy 
stones (arrowheads) layered in the dependent portion of a calyceal 
diverticulum 


1 Calyceal diverticulum containing sandy stones in a 54-year- 
old woman. (A) Longitudinal US of the right kidney shows a cystic 
lesion (arrows) that has echogenic materials (arrowheads) layered in 
the dependent portion. (B and C) Nonenhanced (B) and enhanced (C) 
CT show sandy stones (arrows) layered in the dependent portion of a 
calyceal diverticulum (asterisk) 
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11. Stone in Ureterocele 


JS 


1.1 Stone in ureterocele in a 60-year-old woman. (A) Plain 
radiograph shows an ovoid calcification with an irregular margin in the 
right pelvic cavity (arrow). (B) IVU shows bilateral ureterocele and a 
stone in the right ureterocele appearing as a filling defect (arrow) 


Stones in ureterocele in a 22-year-old man. (A) Nonenhanced 
CT shows two ovoid stones with smooth margin in the right pelvic cav- 
ity (arrow). (B and C) Enhanced transverse (B) and coronal (C) CT 
images show two stones (arrows) in the right ureterocele (arrowheads) 
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12. Pseudoureterocele Due to Stone 


Fig. 12.1 Stone in the ureterovesical junction with pseudoureterocele the ureterovesical junction (arrow). Note a thick, radiolucent halo 
in a 60-year-old woman. (A) Plain radiograph shows a round calcifica- (arrowheads) representing edema around the stone, which is called 
tion with irregular margin in the right pelvic cavity (arrow). (B) A pseudoureterocele 

15-min IVU shows duplication of the right urinary tract with a stone in 
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Fig. 12.2 Stone in the ureterovesical junction with pseudoureterocele 
in a 30-year-old man. (A) Plain radiograph shows a small calcification 
(arrow) in the right pelvic cavity. (B) US of bladder in transverse plane 
shows a stone (arrows) in the region of the right ureterovesical junction. 


g 3 Pseudoureterocele due to edema of the ureterovesical 
junction after stone passage in a 59-year-old woman. IVU shows 
thick, asymmetric halo (arrowheads) due to edema of the 
ureterovesical junction after passage of a stone 


(C and D) Nonenhanced (C) and enhanced (D) CT show a stone in the 
right ureterovesical junction (arrow). Note a thick, low density rim 
(arrowheads) representing edema around the stone 
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13. Stones in Renal Papilla 


1 A small stone in the renal papilla in a 77-year-old man. (A) Nonenhanced CT shows a small calcification (arrow) in the right kidney. 
(B and C) Enhanced transverse (B) and coronal (C) CT show that the calcification is located in the renal papilla (arrow) of a upper polar calyx 
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F 2 A small stone in the renal papilla in a 50-year-old woman. (A) Plain radiograph shows a small, ovoid calcification (arrow) in the upper 
polar region of the left kidney. (B) IVU reveals that the calcification is located in the renal papilla (arrow) 
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14. Ureter Stone with Detritus Plug 


I Ureter stone with detritus plug in a 22-year-old man. (A) and opacified ureter. This radiolucency, known as a detritus plug, repre- 
Plain radiograph shows a left ureteral stone (arrows). (B) IVU shows a sents a plug composed of detached urothelium, blood cells, and mucoid 
stone (arrowhead) in the left ureter and dilatation of the proximal ureter materials 

and pelvocalyces. Note a radiolucent gap (arrow) between the stone 
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Fig. 14.2 Ureter stone with detritus plug in a 60-year-old man. IVU 
shows an irregular-margined stone (arrowhead) in the left midureter 
and dilatation of the proximal ureter and pelvocalyces. Note a radiolu- 
cent gap (arrow) between the stone and opacified ureter, suggesting a 
detritus plug 
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A 


Fig. 14.3 Ureter stone with a detritus plug in a 50-year-old woman. indicating a detritus plug. (B) On a 30-min IVU, the radiolucent lesion 
(A) A 15-min IVU shows a ureteral stone (arrowhead) in the left is no longer seen above the stone (arrowhead) 
proximal ureter and a thin radiolucent cap (arrow) above the stone, 
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15. Ureter Stone with Papillary Cavity 


Fig. 15.1 A small ureteral stone and a papillary cavity, which is prob- junction (arrow) and mild dilatation of the pelvocalyces. Also note a 
ably the origin of the stone in a 52-year-old man. (A) Plain radiograph papillary cavity (arrowhead) in the upper polar calyx that probably is 
shows a small ovoid calcification in the right paravertebral region the origin of the stone 

(arrow). (B) A 30-min IVU shows the stone in the right ureteropelvic 
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Fig. 15.2 A small ureteral stone and a papillary cavity in a 49-year-old 
woman. IVU shows a small stone in the left proximal ureter (arrow- 
head) and a small papillary cavity in the lower polar calyx (arrow), 
which is probably the origin of the stone 
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Introduction 


Hak Jong Lee 


Hydronephrosis is the dilatation of renal pelvis and calyces. 
It can be classified into obstructive and nonobstructive hydro- 
nephrosis. The typical intravenous urogram (IVU) findings 
of acute obstruction include increasingly dense nephrogram, 
modest renal enlargement, delayed calyceal opacification, 
minimal to moderate dilatation of the collecting system, 
forniceal rupture, and pyelosinous extravasation. In the 
case of chronic obstruction, IVU findings include negative 
pyelogram, calyceal crescents, dilated papillary duct, soap 
bubble nephrogram, and ball pyelogram. Ultrasonography 
(US) is a noninvasive, excellent method to evaluate obstruc- 
tive uropathy. Color Doppler and pulsed wave Doppler can 
help in the diagnosis of obstruction. CT has advantages over 
other examinations in evaluating the etiology of obstruction. 
However, contrast-enhanced CT in early cortical phase may 
cause confusion in the diagnosis of hydronephrosis. Magnetic 
resonance (MR) urography has advantages of optimal non- 
invasive evaluation of urinary tract abnormalities including 
urinary tract obstruction, hematuria, congenital anomalies 
and evaluation of pediatric or pregnant patients. 
Hydronephrosis is synonymous with pyelocaliectasis 
and may or may not be associated with parenchymal thin- 
ning. Whitaker, a British urologist, defined obstruction as a 
narrowing such that the proximal pressure must be raised to 
transmit the usual flow through it. In patients with obstruc- 
tion, anatomical narrowing may be demonstrated in a specific 
point (anatomical obstruction), but sometimes anatomical 
narrowing may not be demonstrated (functional obstruction). 
Examples of functional obstruction include primary obstructive 
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megaureter, ureteropelvic junction (UPJ) obstruction, detrusor— 
bladder neck, and detrusor—external sphincter dyssynergia. 

Most significant obstruction causes hydronephrosis, but 
not all hydronephrosis is caused by obstruction. Therefore, 
hydronephrosis can be classified into obstructive and non- 
obstructive hydronephrosis. Nonobstructive hydronephrosis 
includes congenital megacalyces, postobstructive dilatation, 
vesicoureteral reflux, and high-flow states. 


Pathophysiology 


The normal pressure of the intrarenal collecting system is esti- 
mated to be 8-12 cm of water. Pressures greater than 15 cm of 
water are abnormal and indicate obstruction. In an experimental 
study, renal blood flow increases for several hours after obstruc- 
tion, falls back to baseline, and subsequently declines steadily 
with continued obstruction. Unlike the biphasic pattern of renal 
blood flow, glomerular filtration rate falls immediately after the 
onset of obstruction and continues to fall. The increase in renal 
vascular resistance and progressive deterioration of glomerular 
filtration rate are not dependent upon increased intrapelvic pres- 
sure. It is reported that the declines in glomerular filtration rate 
and renal blood flow are mainly the results of pre-glomerular 
vasoconstriction. The increase of renal vascular resistance is fol- 
lowed by the decrease in the diastolic blood flow. Renal lym- 
phatic drainage increases up to five times the normal rate, and 
drains excess fluid from the interstitial tissues. 

Long periods of obstruction cause progressive nephron 
loss resulting in medullary and cortical atrophy, a series of 
events called obstructive atrophy. 


IVU Findings of Acute Obstruction 
The most common etiology of acute obstruction is urinary 
calculus. The typical IVU findings of acute obstruction are 


increasingly dense nephrogram, modest kidney enlargement, 
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delayed calyceal opacification, minimal to moderate dilata- 
tion of the collecting system, forniceal rupture, and sponta- 
neous pyelosinous extravasation. Other IVU findings that 
may be seen in urinary tract obstruction are mucosal stria- 
tions of the renal pelvis and ureter and heterotopic excretion 
of contrast material. 

An increasingly dense nephrogram, or obstructive neph- 
rogram, means that IVU shows increased opacity of renal 
shadow without visualization of the ureter long after contrast 
material injection. This pattern of nephrogram indicates 
acute high-grade ureteral obstruction. 

The ability of the kidney to develop a dense nephrogram 
depends on the condition in which renal blood flow and renal 
tubules are normal. In the cases of severe renal infection or 
underlying other parenchymal disease, an obstructive neph- 
rogram may not develop in spite of acute obstruction. An 
increasingly dense nephrogram may also be observed with 
systemic hypotension, arterial stenosis, acute renal failure, 
and renal vein thrombosis. 

Sometimes, fine, radiopaque, and radiolucent lines arranged 
radially in the parenchyma and perpendicular to the renal margin 
are observed within the obstructive nephrogram. These striations 
are thought to represent contrast material within bundles of prox- 
imal tubules and collecting ducts in the medullary rays. 

The gallbladder is sometimes opacified on delayed IVU in 
patients with acute urinary obstruction. This finding is called 
heterotopic or vicarious excretion of contrast material. 
Infrequently this finding is noted in patients without urinary 
tract obstruction. When the plasma levels of the contrast mate- 
rial elevate above threshold because of decreased glomerular 
filtration, hepatic extraction, and excretion into the bile occur. 


IVU Findings of Chronic Obstruction 


With chronic partial obstruction, nephrographic density is 
often normal, but the nephrogram is distorted by the dilated 
pyelocalyceal system. The IVU findings of chronic obstruc- 
tion include negative pyelogram, calyceal crescents, dilated 
papillary duct, soap bubble nephrogram, and ball pyelogram. 

Negative pyelogram is the finding that the parenchyma is 
seen as a radiopaque mantle outside radiolucent urine-filled 
collecting system. Calyceal crescents are thin, semilunar col- 
lections of contrast material, which have denser radiopacity 
than that of medulla. Calyceal crescents represent com- 
pressed and realigned collecting ducts located at right angles 
to their usual orientation. Sometimes these dilated collecting 
ducts may appear as dots of contrast material just outside the 
dilated calyces. These dots should be distinguished from 
lacunae representing spaces in the renal sinus that communi- 
cate with the collecting system via forniceal tears. 

The soap bubble nephrogram represents bubble-like, 
curved, white densities of thin thickness that appear after the 
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intravenous or intra-arterial injection of contrast material. 
Each bubble represents a dilated calyx. 

IVU obtained with the patient supine often shows round 
puddles of contrast material with unsharp edges known as 
ball pyelogram. It may appear separated from the nephro- 
gram by radiolucent boundaries of non-opaque urine. 
Because the upper-polar calyces are located in a more depen- 
dent position than the lower-polar calyces, these ball pyelo- 
grams appear mainly in the upper-polar calyces. On CT, this 
finding is seen as a urine-contrast level in the pelvocalyces. 

Marked dilatation of renal pelvis may be caused by con- 
genital UPJ obstruction, in which the renal pelvis is markedly 
enlarged, but the ureter is normal size. Severe dilatation of the 
renal pelvis can also result from tuberculosis and other acquired 
obstructions involving near the ureteropelvic junction. 

A certain degree of ureteral obstruction is usually present 
after surgery for pelvic malignancies, especially when the 
distal ureters are striped off during the surgery and postop- 
erative radiation therapy is applied. Usually this obstruction 
is transient but may progress. Therefore these patients should 
be followed up carefully. 

Mucosal striations are sometimes observed in renal pelvis 
or ureter of the patients with reflux, obstruction, and infection. 
In adults, striations are most often seen following episodes of 
ureterolithiasis, whereas in children striations are usually asso- 
ciated with reflux and infection. Even in some normal infants 
and children, it is also possible to see fine striations, since the 
mucosa of the normal renal pelvis and ureter is longitudinally 
plicated. The cause of striations in obstruction or reflux is still 
incompletely understood, but it is likely that the normal folds 
of the pelvis or ureter become deepened owing to dilatation or 
intermittent stretching. In the presence of infection, these lon- 
gitudinal ridges may be exaggerated and stiffened by edema, 
cellular infiltration, and mucosal hypertrophy. 


Ultrasonography 


US is a noninvasive, excellent method in anatomical evaluation 
of the lesion. US diagnosis of urinary tract obstruction depends 
on the presence of dilatation in collecting system. In the diag- 
nosis of obstruction with US, it was reported that the sensitivity 
and the specificity are 98% and 75%, respectively. The causes 
of false positive findings include extrarenal pelvis, renal cystic 
disease, vesicoureteral reflux, and vessels crossing renal sinus. 
The causes of false-negative findings include small intrarenal 
pelvis, hyperacute obstruction, obstruction due to tumor infil- 
tration, severe dehydration, and decompression state due to 
back flow or tear. 

Color Doppler US helps distinguish collecting systems 
from renal sinus vessels by confirming blood flow in the ves- 
sels. The resistive index (RI) (peak systolic velocity — 
end-diastolic velocity/peak systolic velocity) can help the 
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diagnosis of obstruction. RI is measured in interlobar artery 
and can be affected by measurement location, age, blood 
pressure, and heart rate. According to some reports about RI, 
RI higher than 0.7 or difference of RI (dRI) higher than 0.1 
can be the criteria in the diagnosis urinary obstruction. 
However, elevated RI is not observed in all obstruction cases 
except in cases of acute and severe obstruction. RI measure- 
ment after furosemide administration is reported in clinical 
and experimental study as more accurate method in the diag- 
nosis of obstruction. 


Computed Tomography 


Nonenhanced CT helps the diagnosis of hydronephrosis, 
especially in patients who have allergy to contrast material or 
azotemia or in the cases in which US findings are not defi- 
nite. CT has advantages over other examinations in evaluat- 
ing the etiology of obstruction. CT made it possible to detect 
not only intrinsic lesions such as stones or urothelial tumor 
that are not demonstrated in simple radiograph, but also 
extrinsic lesions such as retroperitoneal mass or fibrosis. 
Urine-contrast level, which is shown in dilated collecting 
system because of the difference between urine and contrast 
material, helps the diagnosis of urinary obstruction. In gen- 
eral, CT contributed to exact diagnosis of various diseases, 
but contrast-enhanced CT in early cortical phase may cause 
confusion in the diagnosis of hydronephrosis. 


Magnetic Resonance Urography 


MR urography comprises an evolving group of techniques 
with advantages of optimal noninvasive evaluation of urinary 
tract abnormalities including urinary tract obstruction, hema- 
turia, congenital anomalies, and evaluation of pediatric or 
pregnant patients. 

The most common MR urography techniques include 
static-fluid MR urography and excretory MR urography. The 
static-fluid MR urography treats the urinary tract as a static 
column of fluid, using one of a variety of T2-weighted 
sequences. Breath-hold T2 —weighted MR urograms can be 
obtained with either thick-slab single-shot fast-spin echo 
techniques or similar thin-section techniques. The signal 
intensity of background tissues can be adjusted by modify- 
ing the echo time or using fat suppression. In excretory MR 
urography, gadolinium-based MR contrast agent is adminis- 
tered intravenously, and the collecting systems are imaged 
during the excretory phase. Gadolinium shortens the T1 
relaxation time of the urine, allowing the urine to appear 


599 


bright on T1-weighted images. Diuretics can improve the 
quality of excretory MR urography by increasing urine flow 
and uniform distribution of MR contrast agents throughout 
the urinary tract. The primary sequence for excretory MR 
urography is the three-dimensional gradient-echo sequence. 

In pregnant women, the differentiation between physi- 
ologic hydronephrosis and obstruction using the MR urog- 
raphy is challenging. The physiologic hydronephrosis is 
observed in up to 90% of pregnant women during third 
trimester, even though it may occur at the end of the first 
trimester. The MR urographic findings of physiologic hydro- 
nephrosis include compression of the midureter with tapering 
at the pelvic brim and no discernable filling defect. Tapering 
at another level suggests an alternative diagnosis, such as 
ureteral stone. 
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1. Dense Striated Nephrogram 


Fig. 1.1 Delayed striated nephrogram in a 37-year-old man with left radially in the renal parenchyma. These striations represent contrast 
ureter stone. Twenty-five minutes (A), 2 h (B), 6h (C), and 24 h delayed material within bundles of proximal tubules and collecting ducts in the 
IVU (D) demonstrate fine, radiopaque and radiolucent lines arranged medullary rays 
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2. Calyceal Crescent 


1 Hydronephrosis with a crescent sign ina 17-year-old man with realigned collecting ducts containing contrast material. Note filling 
congenital ureteropelvic junction obstruction. (A) A 15-min IVU shows defects in the lower-polar calyx (arrow) due to small stones. (B) A 
dilated collecting system and peripherally located curvilinear radiopaci- 25-min IVU shows dilated calyces filled with dense contrast material. 
ties (arrowheads). These calyceal crescents represent compressed and Note still demonstrable calyceal crescents (arrowheads) 


i 3 Crescent sign in a 42-year-old woman. A 5-min IVU shows 
Crescent sign in a 50-year-old woman. Curvilinear dense curvilinear radiopaque lines located in peripheral portion of the calyces 
radiopacities are noted in peripheral portion of the calyces (arrowheads) (arrowheads) 
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3. Forniceal Rupture and Leak of Contrast Material 


Fig. 3.1 Leak of contrast material due to ureteral obstruction in a 
81-year-old man with left proximal ureter stone. A 30-min IVU 

shows leak of contrast material around the pelvocalyces and ureter 
(arrows). He was confirmed to have a ureter stone in the left ureter 
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Fig. 3.2 Pyelolymphatic backflow of contrast material in a 21-year-old 
woman with a proximal ureter stone. (A) IVU shows radiopaque lym- 
phatics due to pyelolymphatic backflow (arrows) caused by acute 
obstruction due to left proximal ureter stone. The calyces and pelvis are 
not dilated, which suggest acute obstruction. (B) Contrast-enhanced CT 


also shows reticular opacities around left renal hilum. Note radiopaque 
para-aortic lymph node due to pyelolymphatic backflow (arrow). 
(C) Coronal reformatted image demonstrates curvilinear radiopaque 
lines suggesting pyelolymphatic backflow due to acute obstruction 


606 


4. Ball Pyelogram and Urine-Contrast Level 


Fig. 4.1 Ureteropelvic junction obstruction with ball pyelogram and 
crescent sign in a 63-year-old man. (A) IVU demonstrates curvilinear, 
dense radiopacities outlining the dilated calyces producing the finding of 
calyceal crescents (arrowheads). Note that excreted contrast material is 
collected in the dependent portion of the dilated collecting systems, pro- 
ducing the finding of ball pyelogram (asterisk). (B) Contrast-enhanced 
CT scan of the same patient shows ureteropelvic junction obstruction 
with dilated collecting systems containing urine-contrast level. The cur- 
vilinear opacities displaced by dilated collecting system represent 
calyceal crescents (arrowheads) 


14 Obstructive Uropathy 


Fig. 4.2 Ureteropelvic junction obstruction with ball pyelogram in a 
28-year-old woman. A 5-min delayed IVU demonstrates ball pyelo- 
gram of the left kidney in the dependent portion of the dilated collecting 
system (arrows) 
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5. Negative Pyelogram 


Fig. 5.1 Negative pyelogram and striated nephrogram in a 
33-year-old man with a stone in the ureterovesical junction. 

(A) A 15-min IVU shows delayed excretion of contrast material in 
the right urinary tract. Note that the right renal parenchyma is seen 
as radiopacity surrounding urine-filled, radiolucent renal pelvis 
(arrows). (B) A 5-h-delayed IVU shows dense, striated nephro- 
gram and faint opacification of the dilated pelvocalyces (asterisks) 
and ureter (arrowheads) 
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6. Soap-Bubble Nephrogram 


Fig. 6.2 Congenital UPJ obstruction in a 36-year-old man. Contrast- 
enhanced CT shows severe hydronephrosis of the left kidney. There is 
marked thinning of the renal parenchyma (arrowheads), which is a CT 
finding of soap-bubble nephrogram. Note small amount of excreted 
contrast material in the dilated renal calyx (arrow) 


Fig. 6.1 Soap-bubble nephrogram demonstrated on renal arteriogram 
in a 50-year-old woman with congenital ureteropelvic junction obstruc- 
tion. Left renal arteriogram shows soap-bubble appearance due to 
severe hydronephrosis and paper-thin renal parenchyma 
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7. Mucosal Striation 


Longitudinal striations in the renal pelvis after passage ofa of the ureter (arrowheads) due to previous dilatation and stretching. 
ureteral stone in a 39-year-old man. (A) IVU shows hydronephrosis of Note a papillary cavity in the lower-polar calyx that probably is the 
the right kidney caused by a ureteral stone. (B) After stone passage, the origin of the stone (arrow) 
dilated renal pelvis has been decompressed. Note longitudinal striations 
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Fig. 7.2 Wrinkling of renal pelvic mucosa after relief of obstruction passage of the stone, the renal pelvis is collapsed and shows wrinkling 
by a ureteral stone in a 54-year-old woman. (A) IVU shows hydroneph- (arrowheads) 
rosis and hydroureter due to a distal ureteral stone (arrow). (B) After 
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7 ee ® Fig.7.4 Ureteral striations due to vesicoureteral reflux. (A) IVU shows 


fine longitudinal striations in the distal portion of the right ureter 
Fig. 7.3 Ureteral striations due to previous obstruction in a 59-year-old (arrowheads). (B) Voiding cystourethrography reveals vesicoureteral 
woman with bladder tumor. (A and B) IVU images show longitudinal reflux on the right side 
striations in the proximal and distal parts of the left ureter (arrowheads). 
This patient had hydronephrosis of the left urinary tract due to a bladder 
tumor which was treated by transurethral resection 
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8. Doppler US Findings of Obstructive Uropathy 


Fig. 8.1 Renal Doppler US in an 80-year-old man with a stone in the normal resistive index (0.53). (B) The resistive index of the left kidney, 
left distal ureter. (A) Spectral Doppler US of the right kidney shows which is obstructed by a ureteral stone, is slightly elevated (0.73) 
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Fig. 8.2 Ureteral obstruction with elevated resistive index in a 79-year-old markedly elevated resistive index (0.73). (C) A 40-min-delayed IVU shows 
woman with cervical carcinoma. (A) Longitudinal US shows dilatation delayed excretion of contrast material in right urinary tract 
of left renal pelvis. (B) Spectral Doppler US of the left kidney shows 
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V1 = 0.197m/s 
V2 = 0.056m/s 
RI = 0.71 


i Elevated resistive index in a 67-year-old man with distal ure- 
ter stone. (A) Spectral Doppler US shows left renal hydronephrosis and 
elevated resistive index (0.71) (B) US at pelvic cavity shows echogenic 

Elevated resistive index in a 59-year-old man with obstruction lesion suggesting distal ureter stone (arrows). (C) Spectral Doppler US 
due to a bladder tumor. (A) Spectral Doppler US of the hydronephrotic at echogenic lesion shows twinkling artifact suggesting that the echo- 
left kidney shows elevated resistive index (0.74). (B) Contrast-enhanced genic lesion is stone 
CT reveals marked dilatation of left renal pelvis and decreased perfu- 
sion of left renal parenchyma. (C) Contrast-enhanced CT at pelvis level 
shows irregular marginated soft tissue mass in left and posterior wall of 
bladder 
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9. Various Causes of Obstruction 


Fig. 9.1 Ureteral obstruction due to endometriosis. (A) IVU in a 
42-year-old woman with endometriosis shows irregular narrowing of 
the left distal ureter (arrows) with proximal dilatation. (B) Retrograde 
pyelogram in a 32-year-old woman with endometriosis shows distal 
ureteral obstruction with corkscrew appearance (arrows) 


i 2 Transient hydronephrosis due to full bladder. (A) Longitudinal 
US shows mild dilatation of right renal pelvis. (B) Pelvic US reveals 
fully distended urinary bladder. (C) After voiding, the dilatation of right 
renal pelvis was normalized 
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V1 = 0.238m/s 

V2 = 0.113m/s 

RI = 0.53 ; 
S/D = 2.11 


Right hydronephrosis in a 29-year-old woman due to pregnancy (gestational age, 25 weeks). (A) Longitudinal US shows dilatation of right 
renal pelvis. (B) Spectral Doppler US reveals normal range of resistive index (0.53). (C) MR urography shows dilatation of right renal pelvis 
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Fig.9.4 Bladder tumor with hydronephrosis in a 59-year-old man. (A) (C) Power Doppler US reveals vascularity at central portion of the 
Longitudinal US shows dilatation of right renal pelvis. (B) Sagittal scan irregular shaped mass 
of urinary bladder shows irregular shaped low echoic mass (arrows). 
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Fig. 9.5 Ureteral obstruction 
demonstrated by three- 
dimensional reformatted CT due 
to recurred rectal cancer in a 
63-year-old woman. Surface- 
shaded display image (A) and 
maximal intensity projection 
image (B) show hydronephrosis 
in left urinary tract associated 
with incomplete type duplication 
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Fig. 9.7 Left ureterovesical junction obstruction associated with left 
acute pyelonephritis in a 65-year-old woman. Curved reformatted CT 
image reveals dilatation of left ureter and wedge-shaped perfusion 
defect (arrows) suggesting acute pyelonephritis 


.6 Bilateral ureterovesical obstruction after ureteroneocystos- 
tomy in a 63-year-old woman. (A) Contrast-enhanced axial CT scan 
reveals severe hydronephrosis of both kidney. (B) Coronal reformatted 
CT also reveals severe dilatation of both renal pelvis and ureter 
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; Bilateral hydronephrosis due to cystocele in a 90-year-old of urinary bladder and bilateral distal ureter (arrows). (C) Coronal refor- 
woman. (A) Contrast-enhanced axial CT scan shows bilateral hydroneph- matted CT image also shows cystocele and downward displacement of 
rosis. (B) Axial CT scan at pelvic cavity reveals downward displacement both distal ureter (arrows) 
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10. Nonobstructive Hydronephrosis 


Fig. 10.1 Nonobstructive hydronephrosis due to vesicoureteral reflux in 

a 53-year-old woman. Cystography shows trabeculation of urinary blad- 

der and reflux of left urinary tract associated with calyceal dilatation Fig. 10.2 Bilateral nonobstructive hydronephrosis due to vesicoureteral 
reflux in an 80-year-old man with urinary tract tuberculosis. Cystography 
shows bilateral reflux and calyceal dilatation. Note contracted urinary 
bladder due to sequale of tuberculosis (arrows) 
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11. Postobstructive Atrophy 


Fig. 11.1 Renal atrophy due to longstanding hydronephrosis in a with dilatation of right renal pelvis. (B) After 3 years, follow-up CT 
53-year-old woman with postoperative stricture of the ureter. (A) reveals atrophic changes of right kidney 
Contrast-enhanced CT scan shows relatively small-sized right kidney 
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12. Vicarious Excretion of Contrast Material 


Fig. 12.1 Vicarious biliary excretion of contrast material in a 63-year-old bile ducts (arrowheads) opacified by vicarious excretion of contrast mate- 
woman with a stone in the ureteropelvic junction. (A) IVU shows an rial. Note that the gall bladder has multiple stones appearing as filling 
obstructing stone (arrow) in the ureteropelvic junction of the right kidney. defects. Curved arrow indicates the stone in the right ureteropelvic 
Right renal pelvis is bifid in shape. (B) Plain radiograph in an oblique junction 

projection obtained 24 h later shows gall bladder (arrows) and common 
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13. CT Findings of Obstruction 


A 


Fig. 13.1 Severe dilatation of left renal pelvis with thinning of renal (B) Contrast-enhanced CT scan shows markedly dilatation of left renal 
parenchyma due to UPJ obstruction. (A) A 5-min IVU shows nonvisu- pelvis and paper-thin renal parenchyma (arrows) 
alization of the left kidney probably due to severe hydronephrosis. 
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CT findings of acute and severe obstruction due to proximal (C) Corticomedullary phase CT reveals relatively decreased perfusion 
ureter stone in a 46-year-old man. (A) Nonenhanced CT shows renal of right kidney and perirenal stranding. (D) A 5-min contrast-enhanced 
enlargement, renal pelvis dilatation, and perirenal stranding around CT also reveals delayed excretion of right urinary tract. Also note peri- 
right kidney, which suggest obstructive uropathy. (B) Nonenhanced renal stranding and proximal ureter stone 
CT at lower level shows irregular-shaped proximal ureter stone. 
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Sung Il Jung and Seung Hyup Kim 


Renal vascular abnormalities representa heterogeneous group 
of diseases and etiologies. Renal arteriovenous malforma- 
tion, renal arteriovenous fistula, renal artery aneurysm, renal 
artery stenosis, renal infarction, renal vasculitis, traumatic 
injury of renal artery, renal vein thrombosis, and Nutcracker 
syndrome are included in this category. These lesions may 
present with a wide range of signs and symptoms that vary 
from hypertension, flank pain, hematuria, perinephric hema- 
toma, and heart failure to unusual renal masses. Multiple 
imaging modalities such as ultrasonography (US), computed 
tomography (CT), magnetic resonance (MR) or angiography 
is useful in the evaluation and characterization of these dis- 
orders, and understanding normal renal vascular anatomy is 
important to determine treatment option. This chapter pres- 
ents the various imaging findings of the vascular diseases of 
the kidney. 


Renal Vascular Embryology, Anatomy, 
and Normal Variations 


Renal Arterial System 


Knowledge of the normal renal vascular development and its 
variations is important in understanding the imaging findings 
of the normal kidneys and kidneys with renal vascular dis- 
eases. As the kidneys ascend from the pelvic cavity, they 
receive their blood supply from the network of multiple 
mesonephric arteries. Initially, renal arteries are branches of 
the common iliac arteries. As they ascend further, the kid- 
neys receive their blood supply from the distal abdominal 
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aorta. When they reach a higher level, they receive new 
branches from the aorta, and the inferior branches normally 
undergo involution and disappear. The kidneys come into 
contact with the adrenal gland in the ninth week and the 
ascent stops. The right renal artery is longer and often more 
superior than the left renal artery. 

A single renal artery to each kidney is present in about 
75% of people, and about 25% of adult kidneys have two or 
more renal arteries. Half of these have two or more renal 
arteries entering at the hilum and the other half have one 
entering at the hilum and the other entering directly into the 
renal tissue in the polar region. Multiplicity of renal arteries 
and more distal points of origin are more common with renal 
ectopy and malrotation. 

The renal artery branches into an anterior and posterior 
division. Anterior division supplies anterior parenchyma and 
usually lower polar region whereas posterior division sup- 
plies the posterior parenchyma and usually the upper polar 
region. The anterior branch lies between the renal vein and 
renal pelvis and the posterior branch lies behind the renal 
pelvis. Renal arteries and veins can cause extrinsic impres- 
sion on the pelvocalyceal system and possibly obstruct the 
upper pole infundibulum, resulting in Fraley’s syndrome. 
The arborizing anterior and posterior vessels leave a rela- 
tively avascular region at the true mid-coronal plane of the 
kidney. This is the ideal area for percutaneous approach to 
the kidney. 


Renal Venous System 


The cardinal veins are the important system of embryonic 
venous drainage. The posterior cardinal veins, which arise dor- 
sal to the mesonephros, appear first and regress as the meso- 
nephros disappears. They persist caudally as the common iliac 
veins and their confluence and cranially as the root of the azy- 
gos vein. The subcardinal veins, which arise ventral to the 
mesonephros, develop next. The supracardinal veins, which 
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arise dorsal and medial to the posterior cardinal veins, develop 
last. The subcardinal and supracardinal veins anastomose in 
mid-body (supracardinal-subcardinal anastomosis). The right 
supracardinal vein becomes most of the infrarenal inferior vena 
cava (IVC) and the right subcardinal vein becomes the suprare- 
nal IVC. The subcardinal veins remain as the gonadal veins, 
adrenal veins, and a portion of the left renal vein. 

The supracardinal veins are interrupted at the level of the 
renal veins. Cranially, they become the azygos and hemiazy- 
gos veins. The metanephric renal veins end at the subcardi- 
nal-supracardinal anastomosis. The right side of the 
anastomosis contributes directly to the formation of the IVC 
at the renal vein level. Thus the right renal vein drains directly 
into the IVC. The left renal vein develops from the left sub- 
cardinal vein and continues across the aorta via the subcardi- 
nal-supracardinal anastomosis. Thus the right gonadal vein 
comes to enter the IVC directly and the left gonadal vein 
drains into the left renal vein. 

Fourteen percent of kidneys have multiple renal veins, 
more commonly on the right. The subcardinal-supracardinal 
anastomosis, which passes on both sides of the aorta, may 
persist and result in a retroaortic or circumaortic renal vein in 
6% of people. The retroaortic component typically inserts 
more caudally into the IVC. Persistence of the left supracar- 
dinal vein leads to the presence of another vena cava to the 
left of the aorta. 

Persistence of a caudal subcardinal vein as the infrarenal 
IVC segment leads to retrocaval or circumcaval ureter. 
The right renal artery normally passes behind the portion of 
the IVC formed by the ventral right subcardinal vein as it 
passes across the midline to its kidney. If the artery originates 
lower than normal at the level of the posteriorly located right 
supracardinal vein, the artery will course anterior to the infra- 
renal IVC. Thus, supernumerary lower pole vessels or arteries 
supplying ectopic kidneys may lie anterior to the IVC. 


Renal Arteriovenous Malformations and Fistula 


Renal arteriovenous malformations (AVMs) and arterio- 
venous fistulas (AVFs) are different types of pathologic 
arteriovenous communications. AVM is commonly used to 
describe congenital abnormalities of the vascular system 
whereas AVF represents acquired lesions seen following 
trauma, after biopsy, or in the presence of neoplasm. An 
AVF consists of a single communication between an artery 
and a vein, whereas an AVM is a complex network of arte- 
riovenous communications. Congenital AVM is rare and 
75% of arteriovenous communications are acquired AVF. 
Congenital AVMs can be classified into cirsoid or aneurys- 
mal. In cirsoid AVM, there are multiple arteriovenous com- 
munications resulting in a cluster of tortuous arterial and 
venous structures. 
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The most common cause of AVF is trauma, usually pen- 
etrating trauma from biopsy although many such fistulas 
close spontaneously. The patient usually presents with hema- 
turia or hypertension, although large lesions may produce 
high-flow congestive heart failure. Hypertension is related to 
an internal steal that renders renal tissue distal to the lesion 
ischemic and results in excessive renin secretion. The most 
definite diagnosis is made by renal arteriography but other 
imaging studies such as color Doppler US, CT, or MR imag- 
ing may suggest the presence of such vascular lesions. In 
kidney with AVF, Doppler US shows increased flow velocity, 
decreased resistive index, and arterialization of the venous 
waveform. 


Renal Artery Aneurysm 


Renal artery aneurysm may be congenital, inflammatory, 
traumatic, or atherosclerotic, or may occur in conjunction 
with renal artery stenoses of various causes. Acquired aneu- 
rysm is also called pseudoaneurysm. Traumatic pseudoaneu- 
rysms are most common and frequently the result of renal 
biopsy. Many renal artery aneurysms are asymptomatic, but 
they often cause hypertension. Surgical treatment should be 
considered when there is a risk of rupture or aneurysm- 
related hypertension. This consideration becomes important 
when the aneurysm is greater than 2 cm and noncalcified, or 
the patient is likely to be in a physiological state with greater 
than normal blood pressure or flow, such as pregnancy. Renal 
artery aneurysm may be diagnosed by using CT, color 
Doppler US, or MR imaging, but angiography is usually 
required prior to surgery. Color Doppler US demonstrates a 
hypoechoic mass with flow signal along the course of the 
renal artery. Spectral Doppler US shows turbulent flow 
within the aneurysm. 


Renal Artery Stenosis 


Renal artery stenosis is the most important cause of renovas- 
cular hypertension. Atherosclerosis, fibromuscular dyspla- 
sia, and Takayasu arteritis are important underlying pathology 
of renal artery stenosis. Renal artery stenosis may be sus- 
pected with excretory urography (rapid sequence pyelogra- 
phy), renal scintigraphy with use of captopril, and renal vein 
renin sampling, but the most definite diagnosis is made with 
arteriography. Although captopril-enhanced renal scintigra- 
phy can detect significant renal arterial disease, it can neither 
localize the arterial lesion nor characterize the severity of the 
stenosis. The role of arteriography has been extended with 
popular use of percutaneous transluminal angioplasty. 
Recently, although there has been extensive research on 
the use of Doppler US as a screening test to detect renal 
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artery stenosis, controversies exist with regard to the value of 
this study in detecting renal artery stenosis. Initial efforts at 
detecting renal artery stenosis were focused on Doppler 
spectral changes at the main renal arteries. With this tech- 
nique, criteria proposed for the detection of hemodynami- 
cally significant stenosis included high peak systolic velocity 
(>100 cm/s), spectral broadening, increased ratio of peak 
systolic velocity of renal artery to that of aorta (>3.5), or no 
detectable renal arterial flow when the stenosis is very severe. 
However, this Doppler technique examining the main renal 
artery was never widely embraced as a screening test for 
renal artery stenosis mainly due to technical difficulties in 
visualizing the main renal arteries and the high incidence of 
accessory renal arteries that are even more difficult to 
visualize. 

Hemodynamically significant stenosis of a main renal 
artery causes a dampened pulse in the downstream arterial 
network, producing intrarenal arterial waveform of decreased 
amplitude and slowed systolic upstroke (pulsus parvus and 
tardus). With this intrarenal approach, the proposed criteria 
for detecting proximal renal artery stenosis are prolonged 
acceleration time (>0.07 s), which is the time from the start 
of systole to the systolic peak, diminished acceleration index 
(<3.0 m/s”), which is the slope of the systolic upstroke, 
decreased resistive index (<0.56), and loss of normal early 
systolic compliance peak. With this technique and criteria, 
Doppler US has a fairly high technical success rate, short 
examination time, and high sensitivity (72-100%) and speci- 
ficity (62-100%) for detection of renal artery stenosis. 
However, some recommend simple pattern recognition with 
better sensitivity and specificity than using the above indexes. 
Similar Doppler spectral changes may be seen in patients 
with dissecting aneurysm involving the abdominal aorta. To 
ensure detection of a stenosis at a segmental artery or an 
accessory renal artery, intrarenal Doppler spectrum should 
be obtained at least three regions in each kidney (i.e., upper, 
lower, and interpolar areas). The use of microbubble-based 
intravenous contrast agent may enhance Doppler signal 
intensity and may facilitate Doppler examination. 

MR angiography or CT angiography may also be used to 
demonstrate renal artery stenosis, but are not appropriate as 
screening techniques. CT angiography requires a relatively 
large amount of intravenous contrast material that is undesir- 
able in patients with renal insufficiency, and it seems to 
underestimate the severity of some renal artery stenosis. 


Renal Infarction 


The diagnosis of renal infarction can usually be made on the 
basis of patient history, clinical manifestations, and specific 
CT findings, including a sharply marginated, wedge- or 
hemispheric-shaped area of poor contrast enhancement, and 
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a high-attenuation cortical rim peripheral to the lesion. 
These CT findings of renal infarction are so distinctive that 
confirmatory renal arteriography is usually unnecessary. This 
finding, so-called cortical rim sign, represents 2-3 mm thick, 
dense, outer nephrogram of the preserved subcapsular cortex 
supplied by capsular arteries. However, this sign is neither 
sensitive nor specific for renal infarction. The cortical rim 
sign is reported to be present in about 50% of renal infarcts 
and may be absent at a very early stage of infarction. Other 
conditions that may accompany cortical rim sign include 
renal vein thrombosis, acute tubular necrosis, and acute 
pyelonephritis. Renal medulla can be enhanced in vermiform 
or spoke-wheel pattern in renal infarction. This medullary 
enhancement does not represent functioning renal tissue but 
means blood flow through peripelvic collaterals. 

US findings of renal infarction are usually nonspecific 
changes of renal parenchymal echoes. Color Doppler or 
power Doppler US may demonstrate the extent of renal 
infarction. Doppler US enhanced with contrast material 
containing microbubbles may well demonstrate renal paren- 
chymal perfusion defect. MR imaging, especially contrast- 
enhanced MR imaging, may demonstrate the extent of the 
infarction with accuracy comparable to CT or angiography 
without the danger of iodinated contrast material to which 
damaged kidneys are more susceptible. The changes of the 
signal intensity on MR imaging may represent the renal 
parenchymal changes caused by infarction. Most of the renal 
infarcts appear as low-intensity lesions on both T1- and 
T2-weighted images. These changes of the signal intensity 
are due to lack of blood perfusion in the early phase and 
organization of the infarcts in the late phase. Sometimes the 
infarcts have high signal intensities on T1- and T2-weighted 
images, which may be related to the hemorrhagic component 
of the infarcts. Sometimes it is difficult to differentiate renal 
infarction from renal tumor or renal infection. 


Renal Vasculitis 


The kidneys are affected by a variety of systemic vasculitis. 
Vasculitis involving the kidneys can produce a wide range of 
clinical manifestations depending on the type of renal vessel 
affected. There is considerable variability within disease 
entities and also overlap among the manifestations of the 
various conditions, clinically and radiologically. Usually 
renal vasculitis was divided into those that have a predilec- 
tion for small vessels (predominantly capillaries, venules, 
and arterioles), medium-sized vessels (predominantly inter- 
lobar and arcuate arteries), and large arteries (predominantly 
the ostia of the renal arteries and the main renal arteries). 
Examples of small-vessel vasculitis are necrotizing poly- 
anglitis including microscopic polyangiitis, Wegener’s gran- 
ulomatosis, Churg-Strauss syndrome (allergic granulomatosis 
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and angiitis), Henoch-Schónlein purpura, lupus, or rheumatoid 
vasculitis. Medium-sized vasculitis is necrotizing polyangii- 
tis including polyarteritis nodosa and Kawasaki disease. 
Large-vessel vasculitis is chronic granulomatous arteritis 
including giant cell arteritis and Takayasu arteritis. 

Because most of small-vessel vasculitis affects the vessels 
of glomeruli, their imaging findings are nonspecific. The two 
major categories of large-vessel vasculitis, giant cell arteritis 
and Takayasu arteritis, are both characterized pathologically 
by granulomatous inflammation of aorta and its major 
branches. Clinically significant renal disease is more com- 
monly associated with Takayasu arteritis compared with 
giant cell arteritis. 

The disorder that may serve as the prototype of the 
necrotizing arteritis is polyarteritis nodosa. Other immune 
and autoimmune conditions may present with vascu- 
lar findings similar to those encountered in polyarteritis 
nodosa. These conditions include scleroderma, systemic 
lupus erythematosus, Churg-Strauss syndrome, Wegener’s 
granulomatosis, multiple drug abuse, bacterial endocardi- 
tis, and Behcet disease. 

Polyarteritis nodosa results in usually bilateral, but often 
asymmetrical, transmural fibrinoid necrosis, and surround- 
ing inflammation of main visceral arteries and their intra- 
parenchymal branches. Progression of inflammation with 
scarring produces vascular irregularity, angulation, trunca- 
tion, and small areas of infarction. The disease may manifest 
as spontaneous perirenal and subcapsular hemorrhage or 
hypertension. Progressive destruction of renal tissues results 
in renal failure. The arteriographic findings correlate well 
with pathological abnormalities. The most striking arterio- 
graphic finding is the appearance of aneurysms that are prob- 
ably related to the rupture of the vessel wall. Although 
previously considered pathognomonic of polyarteritis 
nodosa, it is now recognized that aneurysms can occur with 
any of the necrotizing arteritides. Contrast-enhanced CT 
scan well demonstrates multiple, small, wedge-shaped, low- 
attenuated areas in the renal parenchyma. Because these 
findings can be present in the pyelonephritis or renal infarct 
and the microaneurysms are usually not demonstrable with 
CT, the differentiation between polyarteritis nodosa and 
pyelonephritis or renal infarct on CT is difficult. 


Traumatic Injury of Renal Artery 


Traumatic main renal artery occlusion is detected on CT by 
anormal sized, nonenhancing kidney, usually with little peri- 
renal hemorrhage. A hematoma surrounding the renal hilum 
is not uncommon. A rim of cortical tissue may be perfused 
by capsular collateral vessels. The enhanced renal artery may 
show an abrupt cutoff, and retrograde filling of the renal vein 
can be seen. 
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Renal Vein Thrombosis 


The causes of the renal vein thrombosis are either neoplastic 
or nonneoplastic. Nonneoplastic causes include dehydration 
and febrile illness in children, and nephrotic syndrome, 
hypercoagulable states, and postpartum in adults. Despite its 
invasiveness, renal venography remains the principal radio- 
logic technique used for diagnosis. Less invasive techniques, 
including intravenous urography (IVU), US, CT, and MR 
imaging, have been used. Contrast-enhanced CT with thin 
section can demonstrate thrombus as a filling defect and MR 
imaging, especially gradient-echo imaging, can well demon- 
strate thrombus without injection of contrast material. 
However, thrombi in the renal vein are often difficult to dem- 
onstrate, and renal parenchymal changes are not specific 
enough for the diagnosis. 

In acute stage, the kidneys are enlarged with decreased 
nephrographic density. US may demonstrate hyperechoic 
interlobular streaks, which probably result from vascular 
congestion and edema. Doppler US may demonstrate 
increased resistance pattern with peaked systolic flow and 
absent or reversed end-diastolic flow. This change of Doppler 
spectrum is known to be specific for renal vein thrombosis in 
transplanted kidneys but not in the native kidneys. This dif- 
ference may be explained by the different abilities of native 
and transplanted kidneys to form collateral circulation. 
Without collateral circulation, the kidney will be totally 
infarcted. When collateral vessels are developed, renal per- 
fusion regains and pelvic and ureteral notching and cobwebs 
in perirenal space may be seen. Cortical rim sign may also be 
seen in renal vein thrombosis. Thrombi in renal vein may 
calcify. T2-weighted MR image may demonstrate low-signal 
intensity in the renal medulla that probably represents med- 
ullary congestion and hemorrhage secondary to renal vein 
obstruction. We reproduced these MR imaging findings 
through an experimental study in rabbits following ligation 
of the renal vein. In renal vein thrombosis associated with 
renal cell carcinoma, imaging studies may demonstrate 
tumor neovascularity within the thrombi. 


Nutcracker Syndrome 


Nutcracker syndrome refers to compression of the left renal 
vein (LRV) between the aorta and superior mesenteric artery, 
which results in elevation of the pressure of the LRV and 
development of collateral venous channels. Nutcracker syn- 
drome occurs in relatively young and previous healthy 
patients and causes intermittent gross hematuria secondary 
to LRV hypertension. Nutcracker syndrome can be suspected 
from the clinical history, urine erythrocytes morphology of 
predominant isomorphic erythrocytes, and cystoscopic find- 
ing of left-sided hematuria. 
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US or CT may demonstrate compression of LRV at 
aortomesenteric angle and venous collaterals. Color Doppler 
US in conjunction with flow velocity measurement may 
demonstrate high-flow velocity of the LRV at aortomesen- 
teric angle due to compression between the aorta and supe- 
rior mesenteric artery. In our Doppler study, we found that 
the peak velocity of LRV at aortomesenteric portion usually 
exceeds 80 cm/s and peak velocity ratio between the hilar 
and aortomesenteric portions of the LRV is of the greater 
than 5.0 in nutcracker patients. In particular, in the cases of 
children, cut-off value were found to be 4.7 for the peak 
velocity ratio between the hilar and aortomesenteric portions 
of the LRV (sensitivity 100%; specificity 90%; accuracy 
93%), and 93 cm/s for the peak velocity at the aortomesen- 
teric portion (sensitivity 100%; specificity 85%; accuracy 
89%). MR angiography or CT angiography can demonstrate 
the compression also, but the diagnosis of a nutcracker syn- 
drome cannot be made with that finding of compression 
alone. In case of retroaortic left renal vein, it can be com- 
pressed between the aorta and vertebra resulting in so-called 
posterior nutcracker syndrome. 
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1. Normal Renal Artery and Variations 


15 Vascular Diseases of the Kidney 


Fig. 1.1 Normal renal arteriogram in a 46-year-old woman. (A and B) 
Late arterial-phase images of right (A) and left (B) renal arteriograms 
show anterior and posterior division arteries and their distal branches. 
The anterior division artery supplies anterior parenchyma and lower- 
polar area whereas the posterior division artery supplies the posterior 


parenchyma and upper-polar area. Also note that the posterior division 
arteries are opacified more densely than the anterior division arteries in 
the arteriograms taken in supine position. These arteriograms well 
demonstrate segmental and interlobar arteries. Arcuate arteries can be 
identified in some areas (arrows) 
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Fig. 1.2 Normal CT angiogram of the renal arteries in a 50-year-old coronal reformation (B) maximal intensity projection (C) and shaded 
man. (A) Contrast-enhanced CT in early arterial phase shows both renal surface display (D) well-demonstrate normal renal arteries. V left renal 
arteries coming from the abdominal aorta. (B-D) CT angiograms in vein 


Fig. 1.4 Precaval renal artery in a 46-year-old woman. Contrast-enhanced 
CT in early arterial phase shows right precaval renal artery (arrow) with 
rotation anomaly of right kidney 


Fig. 1.3 Multiple renal arteries in a 30-year-old woman. CT angio- 
gram in shaded surface display shows two renal arteries (arrows) in the 
right kidney. V left renal vein 
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Fig. 1.5 Circumcaval renal artery in a 40-year-old man. (A) Contrast- another renal artery that passes anterior to the inferior vena cava (arrow- 
enhanced CT in early arterial phase shows right artery originated from heads) just below the A level 
aorta (arrow). (B) Contrast-enhanced CT in early arterial phase shows 
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2. Normal Renal Vein and Variations 


Normal renal vein in a 68-year-old man. US in transverse 
plane shows left renal vein (arrow) coursing between the aorta (a) and 
superior mesenteric artery (sa) into the inferior vena cava (vc). sv supe- 
rior mesenteric vein merging with splenic vein 


Normal renal venogram in a 50-year-old woman. (A and B) 
Selective right (A) and left (B) renal venograms show main renal veins, 
segmental and interlobar veins, and arcuate veins (arrows). Interlobular 
veins are not well demonstrated 


Normal renal vein in a 75-year-old woman. Contrast-enhanced 
CT well demonstrates the left (arrow) and right (curved arrow) renal 
veins draining into the inferior vena cava (vc). a aorta, sa superior mes- 
enteric artery, sv superior mesenteric vein 
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3. Renal Arteriovenous Malformation 


15 Vascular Diseases of the Kidney 


Renal arteriovenous malformation in a 48-year-old woman 
who had a traffic accident with contusion on the right kidney 7 years 
ago. (A) IVU shows irregular filling defects in the upper-polar 
and interpolar calyces (arrows), suggesting blood clots. (B) Color 
Doppler US shows hypervascular lesion with high frequency shift in 


the upper-polar region of the right kidney (arrows). (C) Spectral 
Doppler US obtained from the lesion shows turbulent flow with high 
velocity. (D) Selective right renal arteriogram shows tortuous, entan- 
gled vessels in the upper-polar region, with early opacification of the 
renal vein (arrow) and inferior vena cava (asterisk) 


Illustrations 
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Fig.3.2 Renal arteriovenous malformation in a 43-year-old woman with 
intermittent gross hematuria. She had no history of trauma. (A) Initial IVU 
at the time of hematuria showed large left kidney with faint nephrogram 
and no pelvocalyceal opacification. (B) Retrograde pyelogram (RGP) 
obtained the next day showed multiple filling defects in the renal pelvis 
and proximal ureter, indicating the presence of blood clots. (C) CT scan 
obtained the next day showed ill-defined, small, low-attenuated lesion 
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(arrow) in the lower pole of the left kidney. (D) Color Doppler US shows 
hypervascular lesion in the lower-polar region of the left kidney (arrows). 
(E) Spectral Doppler US reveals strong flow signals of low resistance pat- 
tern from the lesion. (F) Selective left renal arteriogram shows entangled 
vascular lesion (arrows) with early drainage to the renal vein and inferior 
vena cava (asterisks) 
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Fig. 3.2 (continued) 


Illustrations 
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Renal arteriovenous malformation in a 75-year-old woman 
with intermittent gross hematuria. (A) RGP shows large blood clot 
(arrows) filling the dilated pelvocalyces of the right kidney. (B) 
Contrast-enhanced CT shows dilated renal pelvis with delayed excre- 
tion in the right kidney. Also note a tortuous, dilated, vascular structure 
(arrows) posterior to the right renal pelvis. (C) Contrast-enhanced 
Tl-weighted MR image well demonstrates the tortuous, dilated vessel 


appearing as a signal-void structure (arrows). (D) Aortogram shows 
entangled vessels of the arteriovenous malformation in the lower polar 
area of the right kidney. Right kidney has multiple renal arteries. Note 
a dilated, tortuous vein draining the lesion (arrow). (E) Aortogram 
obtained following embolization by using coils reveals that the lesion is 
no more opacified 
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Fig. 3.4 Renal arteriovenous malformation in a 57-year-old woman. US shows noisy, turbulent flow signals from the lesion. (D and E) 
(A) IVU shows fine nodularities along the medial border of the upper- Selective right renal arteriograms in early (D) and late (E) arterial phases 
polar calyx (arrows). (B) Color Doppler US shows hypervascular lesion show tortuous vascular lesion in the upper-polar area 

(arrows) in the upper-polar area of the right kidney. (C) Spectral Doppler 
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Fig. 3.5 Renal arteriovenous malformation in a 44-year-old man. (A) (arrows) involving the left renal hilum. (C) Contrast-enhanced CT 
Color Doppler US shows hypervascular lesion (arrows) in the left kid- shows large dilated left renal vein (arrow). (D) Left renal angiogram 
ney. (B) Contrast-enhanced CT shows enhancing tangle of vessel show tortuous vascular lesion (arrows) in the left kidney 
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4. Renal Arteriovenous Fistula 


Fig. 4.1 Large arteriovenous fistula developed following renal biopsy 
in a 35-year-old man. (A) US in transverse plane shows markedly 
dilated left renal artery (a) and vein (v). (B) Left renal vein (v) is mark- 
edly dilated within the kidney on this longitudinal US. (C) Selective left 
renal arteriogram shows early opacification of markedly dilated left 
renal vein (asterisks) 
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Fig. 4.2 Arteriovenous fistula after percutaneous renal biopsy in a 
55-year-old man. (A) Color Doppler US shows focal hypervascular 
lesion (arrow) in the lower pole of the left kidney. (B) Contrast-enhanced 
CT shows prominent enhancing lesion (arrow) in the left kidney. 
(C) Contrast-enhanced T1-weighted MR image shows round enhancing 
lesion (arrow) in the left kidney 
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5. Polyarteritis Nodosa 
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Fig. 5.1 Polyarteritis nodosa in a 49-year-old man. (A) Renal Doppler vascular irregularities, angulation, truncation, and multiple microaneu- 

US shows decreased end-diastolic velocity with elevated resistive index rysms. (C) Renal arteriogram in late nephrographic phase shows 

of 0.8. (B) Selective right renal arteriogram in early arterial phase shows multiple, small areas of perfusion defects (arrowheads) 
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Fig. 5.2 Polyarteritis nodosa in a 56-year-old man. (A-D) Renal arte- and truncation of arterial branches, multiple microaneurysms, and focal 
riograms of the right (A and C) and left (B and D) kidneys at early arte- areas of decreased perfusion (arrowheads) 
rial (A and B) and nephrographic (C and D) phases show irregularities 
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> Churg-Strauss syndrome in a 53-year-old man showing arte- small and large aneurysms with irregularities of arterial branches. 
riographic findings identical to that of polyarteritis nodosa. (A and B) (C) Hepatosplenic arteriogram shows irregularity and truncation of 
Renal arteriograms of the right (A) and left (B) kidneys show multiple, hepatic arterial branches 
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6. Renal Artery Stenosis: Unilateral Stenosis 
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Fig. 6.1 Left renal artery stenosis in a 50-year-old hypertensive man. finding of pulsus parvus and tardus with low amplitude and slowed sys- 
(A) Spectral Doppler US of the right kidney shows typical normal spec- tolic upstroke. Note that normal early systolic compliance peak is not 
trum of rapid systolic upstroke and early systolic compliance peak seen. (C) Aortogram shows stenosis of the left renal artery (arrow) 
(arrows). (B) Spectral Doppler US of the left kidney shows typical 
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Fig. 6.2 Left renal artery stenosis in a 47-year-old hypertensive pattern). (C) CT angiogram well demonstrates high-grade stenosis of 
woman. (A) Spectral Doppler US of the right kidney shows normal the left main renal artery (arrow). (D) Aortogram confirms the stenosis 
spectral pattern. (B) Spectral Doppler US of the left kidney shows very of the left renal artery (arrow) 

weak and slow-rising spectral pattern (i.e., pulsus tardus and parvus 
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Left renal artery stenosis in a 54-year-old woman. (A) IVU definitely slow-rising spectral pattern. (D) CT angiogram in maximal 
shows normal-sized left kidney with delayed nephrogram. (B) Spectral intensity projection shows severe, focal stenosis of the left main renal 
Doppler US of the right kidney shows normal spectral pattern. artery (arrow) 

(C) Spectral Doppler US of the left kidney shows slightly weak but 
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Fig. 6.4 Stenosis of the right renal artery demonstrated on angiogra- | hemodynamically significant. (A) Aortogram shows more than 50% 
phy without Doppler spectral changes in a 53-year-old man. This stenosis in the right renal artery (arrow). (B) Spectral Doppler US of 
patient was not hypertensive and the discrepancy between angiographic the right kidney shows normal spectral pattern 

and Doppler US findings probably indicates that the stenosis is not 
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Left renal artery stenosis demonstrated on gray-scale US in a 
16-year-old male patient. (A) Gray-scale US well demonstrates the ori- 
fice of normal right renal artery (white arrow) but the left renal artery 
appears very small (black arrows). (B) Spectral Doppler US of the right 
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kidney shows normal spectral pattern. (C) Spectral Doppler US of the 
left kidney shows very severe pulsus tardus and parvus pattern. (D) 
Aortogram shows a long-segment stenosis of the left renal artery 
(arrow) 
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7. Renal Artery Stenosis: Bilateral Stenosis 


{568 

dB 0/-/D 

.Bmm/1 
PH D= S2mm 


Fig.7.1 Bilateral renal artery stenosis in an 18-year-old female patient kidney shows more severe pattern of pulsus tardus and parvus. (C) 
with Takayasu arteritis. (A) Spectral Doppler US of the right kidney  Aortogram shows bilateral renal artery stenoses (arrows), more severe 
shows slowed systolic upstroke. (B) Spectral Doppler US of the left on the left side 
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Fig.7.2 Bilateral renal artery stenosis in a 67-year old woman. CT angiogram in curved maximum intensity projection shows bilateral stenosis 
(arrows) in both proximal renal arteries 


Illustrations 
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8. Renal Artery Stenosis: Segmental Artery Stenosis 


Fig. 8.1 Stenoses of segmental renal arteries in a 27-year-old hyper- 
tensive woman (From Seong et al. 2001) (A) Spectral Doppler US per- 
formed in the interpolar region of the left kidney shows normal Doppler 
spectral pattern. (B) Spectral Doppler US performed in the lower-polar 
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region of the left kidney shows weak and slow-rising pulse. (C) 
Selective left renal arteriogram shows a tight stenotic lesion in the pos- 
terior division artery (arrow). Note another stenotic lesion in the lower 
segmental branch of the anterior division artery (arrowhead) 
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Stenosis of one of the double right renal arteries in a 25-year- artery, shows normal appearance without stenosis. (C) There was 
old hypertensive woman. (A) Gray-scale US shows small right kidney another right renal artery that was almost completely occluded due to 
with thinning of anterior renal parenchyma (arrows). (B) Selective arte- very severe stenosis (arrows) 
riogram of the one renal artery, which is probably a posterior division 
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9. Renal Artery Stenosis: Changes Following Percutaneous Transluminal Angioplasty 


Fig. 9.1 Renal artery stenosis in a 71-year-old man. (A) Spectral Doppler US shows improved Doppler spectral pattern. This patient has 
Doppler US of the right kidney shows pulsus tardus and parvus pattern. arrhythmia. (D) Follow-up aortogram shows improved stenosis in the 
(B) Aortogram shows stenosis of the right renal artery (arrow). right renal artery 

Percutaneous transluminal angioplasty was performed. (C) Follow-up 
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10. Aortic Dissection Involving Renal Artery 
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Fig. 10.1 Aortic dissection involving renal artery with Doppler US 
findings mimicking that of renal artery stenosis in a 63-year-old man. 
(A) Spectral Doppler US of the left kidney shows weak and slow-rising 
pulse suggesting renal artery stenosis. (B) Contrast-enhanced CT scan 
at early arterial phase shows aortic dissection with intimal flap dividing 


anterior true lumen (arrow) which supplies the right renal artery (arrow- 
heads) and large posterior false lumen (asterisk). Both kidneys are 
poorly perfused and the left kidney is small. (C) Aortogram with a cath- 
eter in the true lumen shows that the right renal artery originates in the 
true lumen, and the left renal artery is not opacified 
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Fig. 10.2 Renal artery dissection in a 45-year-old man. (A) Spectral Doppler US of the left kidney shows weak and slow-rising pulse suggesting 
renal artery stenosis. (B) Axial contrast-enhanced CT shows dissection of left proximal renal artery with flap (arrow) 
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11. Renal Artery Aneurysm 
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Renal artery aneurysm in a 47-year-old man. (A and B) 
Contrast-enhanced CT scans in early arterial (A) and nephrographic 
(B) phases show a round aneurysm (asterisk) in the left renal artery. 
Note that the attenuation of the aneurysm is identical to that of the aorta 
on both images. Note a small calcification in the anterior wall of the 


aneurysm (arrowhead). (C) CT angiogram clearly demonstrates the 
relation of the aneurysm (asterisk) and left renal artery. (D and E) 
Tl-weighted (D) and T2-weighted (E) MR images well demonstrate 
the aneurysm. Medial part of the aneurysm has high signal intensity 
(arrow) on T2-weighted image due to turbulent flow 


Illustrations 


Calcified aneurysm with arterial occlusion and collateral 
circulation in the right renal artery in a 31-year-old man. (A) Contrast- 
enhanced CT scan in arterial phase shows densely calcified aneurysm 
(arrow) in the right renal artery. Right kidney is well perfused on this 
CT image. (B) CT angiogram demonstrates calcified aneurysm (arrow) 
and collateral vessels supplying the right kidney. (C) Spectral Doppler 
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US of the left kidney shows normal spectral pattern. (D) Spectral 
Doppler US of the right kidney shows slightly low-amplitude spectrum 
with slightly slowed systolic upstroke mimicking pulsus tardus and par- 
vus pattern. (E) Abdominal aortogram in late nephrographic phase 
shows complete occlusion of the right renal artery with abundant col- 
lateral vessels reconstructing intrarenal arteries (arrows) 
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ig. 11.4 Small calcified aneurysm of the right renal artery in a 
40-year-old man. (A) Nonenhanced CT scan shows a round calcified 
lesion in the right renal hilum (arrows). (B) This calcified lesion proved 
to be a renal artery aneurysm on contrast-enhanced CT (arrows) 


Fig. 11.3 Small calcified aneurysm of the left renal artery in a 58-year-old 
man. (A) IVU shows a small ring-shaped calcification (arrow) just medial to 
the left renal pelvis. (B and C) Nonenhanced (B) and contrast-enhanced 
(B) CT scans show a small calcified aneurysm (arrow) of the left renal artery 
without perfusion disturbance to the left kidney 
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Fig. 11.5 Bilateral renal artery aneurysm in a 38-year-old woman. (A and B) Axial contrast-enhanced CT scan (A) and three-dimensional refor- 
matted image (B) show a bilateral renal artery aneurysm (arrows) 
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12. Pseudoaneurysm of Renal Artery 
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g. 12.1 Post-biopsy perirenal hematoma and pseudoaneurysm ina region (arrowhead). (B) Color Doppler US well demonstrates the 
50-year-old woman. (A) Gray-scale US shows large perirenal hema- pseudoaneurysm (arrow). (C) Spectral Doppler US obtained in the 
toma (arrows) and a small round anechoic lesion in the lower-polar lesion shows turbulent flow signal 


Illustrations 
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Fig. 12.2 Post-traumatic perirenal hematoma and pseudoaneurysm in a 
47-year-old man. (A) Initial contrast-enhanced CT scan at the time of trauma 
shows renal parenchymal laceration and a large perirenal and subcapsular 
hematoma in the right kidney. (B) Longitudinal US of the right kidney 
shows a round cystic lesion (arrow) with surrounding soft tissue echogenic- 
ity. (C) Color Doppler US confirms that the cystic lesion is an aneurysm 
with whirling flow in it. Note that the soft tissue echogenicity surrounding 


the lesion is avascular suggesting hematoma. The renal parenchyma that has 
intrarenal vessels (arrowheads) is displaced anteriorly. (D) Spectral Doppler 
US obtained in the red-colored portion of the lesion shows arterial spectral 
pattern. (E) Spectral Doppler US obtained in the blue-colored portion of the 
lesion shows mixed arterial and venous flow pattern. (F) Contrast-enhanced 
CT shows a large pseudoaneurysm (asterisk), subcapsular hematoma (H), 
and anteriorly displaced renal parenchyma (K) 
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13. Renal Infarction: Segmental Infarction 


Fig. 13.1 Segmental infarction of the left kidney in a 57-year-old in the posterior aspect of the left kidney. Note that the enhancement of 
woman. (A and B) Contrast-enhanced CT scans in early arterial (A) and a thin layer of cortical rim (arrows) and medullary islands (arrowheads) 
late excretory (B) phases show well demarcated area of perfusion defect is demonstrated better on (B) than on (A) 


Illustrations 
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Fig. 13.2 Multifocal segmental infarction in a 57-year-old man. (A) 
Longitudinal US of the left kidney shows heterogeneous echogenicity 
of the kidney with increased echogenicity in the upper-polar region 
(arrows). (B and C) Color Doppler US of the left kidney (B) shows 
markedly decreased blood flow as compared to the right kidney (C). 


Note that blood flow is more decreased in the echogenic upper pole of 
the left kidney. (D and E) Contrast-enhanced CT scans of the kidney 
show multifocal perfusion defects in the left kidney. Cortical rim sign is 
clearly seen in one of the lesion (arrows) 
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14. Renal Infarction: Global Infarction 


Fig. 14.2 Renal infarction of the lower portion of the right kidney in a 
62-year-old man. (A and B) Contrast-enhanced CT scans show global 
infarction of the right kidney with enhancing cortical rim (arrows) and 
medullary islands (arrowheads) 


Fig. 14.1 Global renal infarction in a 70-year-old man. (A and B) 
Color Doppler US of the left kidney (A) shows complete absence of 
flow signal and color Doppler US of the right kidney (B) shows normal 
blood flow. (C) Contrast-enhanced CT scan in early arterial phase 
shows complete absence of perfusion except thin cortical rim (arrows) 
and focal medullary islands (arrowhead). Note a nodular calcification 
in the left renal artery (curved arrow) 
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Illustrations 


Complete occlusion of the left renal artery with old global 
infarction in a 52-year-old man. (A) Contrast-enhanced CT scan at late 


excretory phase shows absence of excretion of contrast material from : : i : . ; 
the contracted left kidney. (B) Abdominal aortogram shows total occlu- al ener ee 
sion of the left renal artery (arrow) without collateral circulation CT scans in a delayed phase show contracted left kidney due to old, 


global infarction and a large calcified plaque in the origin of the left 
renal artery (arrow). Also note small calcifications (arrowheads) in the 
proximal portion of the right renal artery 
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15. Renal Infarction: Associated Diseases 


Fig. 15.1 Renal infarction in a patient with amyloidosis in a 53-year-old 
woman. Contrast-enhanced CT shows absence of perfusion in the poste- 
rior half of the right kidney (asterisk). The cortical rim sign is not evident 
in the lesion. Also note a wedge-shaped low-attenuated lesion with corti- 
cal depression in the left kidney suggesting an old infarction (arrows) 
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c 2 Fibromuscular dysplasia with renal artery aneurysm and 
infarction in a 37-year-old man. (A) IVU shows delayed nephrogram 
and faint opacification of the pelvocalyceal system in the right kidney. 
(B) Contrast-enhanced CT shows the findings of old and fresh infarcts 
in the same kidney. The posterior part of the right kidney shows paren- 
chymal loss due to old infarction (arrows) and the lateral part of the 


same kidney shows cortical rim sign (arrowheads) and enhancing med- 
ullary islands (asterisks) due to fresh infarction. (C) Selective right 
renal arteriogram demonstrates prominent capsular artery (arrowheads) 
that is the basis of cortical rim sign seen on contrast-enhanced CT. Also 
note the area of poor perfusion in the interpolar region of the right kid- 
ney (arrows) 


Illustrations 


16. Renal Infarction: MR Imaging Findings 


FSE 
TR:400 


A 58-year-old man with segmental infarction in the left kid- 
ney. (A) Contrast-enhanced CT shows sharply demarcated area of perfu- 
sion defect in the lateral aspect of the left kidney (arrows). (B) T2-weighted 
MR image shows lower signal intensity of the lesion (arrows) in the left 
kidney. (C) Contrast-enhanced T1-weighted MR image demonstrates the 
area of impaired perfusion in the left kidney (arrows) 
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Segmental renal infarction in a 25-year-old woman, who 
underwent aortic valvular replacement, complained of severe left flank 
pain 2 days before MR imaging. (A) T2-weighted MR image shows an 
ill-defined, low-intensity lesion in the lateral portion of the left kidney 
(arrow). (B) Contrast-enhanced T1-weighted MR image shows nonen- 
hanced, infarcted area in anterior portion of the left kidney (arrow). 
Note that the signal intensity of the noninfarcted posterior portion of the 
left kidney (asterisk) is much higher than that of the noninvolved right 
kidney (B, From Kim et al. 1994; with permission) 
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Fig. 16.3 Hemorrhagic infarction in a 40-year-old man who under- 
went aortic valvular replacement 11 years ago. He had left flank pain 2 
years earlier and severe right flank pain 9 days before MR imaging. 
(From Kim et al. 1994; with permission.) (A) T1-weighted MR image 
shows small left kidney due to old infarction and high-signal intensity 
lesion in the anterior portion of the right kidney (arrow), suggesting 


hemorrhagic infarction. (B) T2-weighted MR image shows increased 
signal intensity of the infarcted area in the right kidney (arrow). (C) 
Contrast-enhanced CT shows a wedge-shaped infarction in the right 
kidney with cortical rim sign (arrowheads). Note small contracted left 
kidney due to old infarction 


Illustrations 


17. Renal Vein Anomalies 


Retroaortic left renal vein with posterior nutcracker syndrome 
in a 26-year-old man. (A) Contrast-enhanced CT shows hypoplastic right 
kidney and compensatory hypertrophy of the left kidney. Left renal vein 
(asterisks) courses between the vertebra and aorta (a) with severe com- 
pression between them (arrow). (B and C) Spectral Doppler US of the 
left renal vein at hilar portion (B) and retroaortic portion (C) shows nor- 
mal flow velocity at hilar portion (21.3 cm/s) and markedly increased 
flow velocity at retroaortic portion (129 cm/s), suggesting so-called pos- 
terior nutcracker syndrome. vc inferior vena cava 
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Retroaortic left renal vein in a 69-year-old man with renal 
cell carcinoma of the left kidney. Color Doppler US in transverse plane 
shows left renal vein (arrow) coursing behind the abdominal aorta (a). 
vc inferior vena cava 


Fig. 17.3 Circumaortic left renal vein in a 53-year-old man. (A) 
Contrast-enhanced CT in axial plane shows normal course of the left 
renal vein (arrow) anterior to the abdominal aorta (a). (B) CT scan ata 
lower-level shows another left renal vein (arrows) coursing behind the 
abdominal aorta (a). (C) Three-dimensional CT with maximal intensity 
projection technique well demonstrates circumaortic left renal vein 
with upper vein (asterisk) coursing normally and lower vein (arrows) 
coursing behind the aorta (a). Note that the left gonadal vein (arrow- 
heads) is connected to the lower renal vein. ra renal arteries 
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Fig. 17.4 Double inferior vena cava in a 51-year old man who received 
left radical nephrectomy for a renal cell carcinoma. Contrast-enhanced 
CT shows double inferior vena cava (asterisks) in both sides of the 
abdominal aorta (a). This anomaly is caused by persistence of left sup- 
racardinal vein and may be confused with retroperitoneal lymphade- 
nopathy. rk lower pole of the right kidney 
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» Double inferior vena cava with retroaortic left renal vein in 
a 66-year-old man. (A and B) Contrast-enhanced CT scans show double 
inferior vena cava at infrarenal level (asterisks, B) with left inferior 
vena cava connected to the retroaortic left renal vein (arrows, A) 


Transposition of the inferior vena cava in a 46-year-old 
woman. (A-C) Contrast-enhanced CT scans from cranial to caudal 
direction show left-sided infrarenal inferior vena cava (asterisk, B and C) 
that continues as the left renal vein (arrow, A) and right-sided, suprarenal 
inferior vena cava (vc). This anomaly is caused by regression of right 
supracardinal vein instead of normal regression of left supracardinal vein 
at infrarenal level. a abdominal aorta 
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Fig. 17.7 Renal vein varix in a 25-year-old woman. (A) Contrast-enhanced CT scan shows many tortuous vessels (arrows) in the left renal hilum 
with hydronephrosis. (B) Left renal angiogram shows left renal vein varix with engorged left gonadal vein (arrows) 


Illustrations 


18. Renal Vein Thrombosis 


—— | 


Renal vein thrombosis associated with renal cell carcinoma 
in a 59-year-old man. (A) US shows swollen left kidney and dilated 
renal vein filled with echogenic thrombi (arrows). Note a small cyst (c) 
in the left kidney. (B), Transverse US well demonstrates dilated left 
renal vein filled with echogenic thrombi (arrows). The end of the 
thrombus (arrowheads) bulges into the inferior vena cava (v). (C), 
Spectral Doppler US obtained in the intrarenal artery shows very high 
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resistance pattern with a resistive index of 1.0. (D and E) Contrast- 
enhanced CT scans show swollen left kidney with decreased perfusion, 
ill-defined, low-attenuated lesion representing renal cell carcinoma 
(asterisks), and dilated left renal vein filled with low-attenuated thrombi 
(arrows). Also note the end of the thrombi (arrowheads) bulging into 
the inferior vena cava (v). A renal cyst (c) is seen in the left kidney. a 
aorta, s superior mesenteric artery 
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Bilateral renal vein thrombosis in a 31-year-old woman with 
systemic lupus erythematosus. (A) Contrast-enhanced CT shows large 
kidneys and a suspicious linear filling defect suggesting thrombus 
(arrows) in the left renal vein. (B) Lower level CT shows thrombus in 


the left ovarian vein (arrow). (C and D) Selective right (C) and left (D) 
renal venograms show linear filling defects (arrows) in both renal veins 
representing thrombi. Note intrarenal veins are occluded in the left kid- 
ney with abundant collateral vessels 
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Calcified thrombi in the renal vein and inferior vena cava in 
a 39-year-old man. (A) Contrast-enhanced CT shows calcified thrombi 
in the left renal vein (arrows). Left renal excretion is preserved due to 
collateral circulation (arrowheads). Note parapelvic cysts (c) in the left 
renal hilar region. (B) CT scan at upper level shows calcified thrombus 
(arrow) in the inferior vena cava 


Renal vein thrombosis in a 55-year-old man. (A) Contrast- 
enhanced CT shows filling defects (arrows) in the left renal vein sug- 
gesting thrombus. (B) Left renal venogram well demonstrates thrombi 
(arrows) in the left renal vein. (C) Heparinization was performed and 
thrombi are resolved on follow-up venogram taken 3 days later 


Renal vein thrombosis with venous infarction in a 35-year- 
old woman with membranous nephropathy. (A) Contrast-enhanced CT 
shows swollen, nonperfused right kidney with large thrombus in the 
dilated right renal vein (arrow). (B) CT scan obtained 3 months later 
shows venous infarction with gas formation in the right kidney. Note 
large amount of perirenal fluid collection surrounded by a thick enhanc- 
ing rim (arrows) and faint outline of the kidney (arrowheads) 
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5 A 70-year-old man with squamous cell carcinoma of the uri- 
nary bladder and retroperitoneal lymph node metastases and acute renal 
vein thrombosis. This patient complained of severe flank pain on the 
left side with fever. To relieve these intractable symptoms, left renal 
artery was embolized with coils and there was a symptomatic relief. (A) 
Contrast-enhanced CT shows infiltrating lesion in the posterior wall of 
the bladder (arrows). (B) Contrast-enhanced CT scan at the kidney 
level shows swollen left kidney with decreased perfusion and thickened 
renal fascia (arrows). Note that there is a large metastatic lymph node 
(asterisk) in the para-aortic region with infiltration into the renal hilar 
area. Left renal vein is not demonstrated and is probably occluded by 
the infiltration of the metastatic lymph node 


Illustrations 


19. Renal Vein Thrombosis: MR Imaging Findings 
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A 38-year-old woman with double right renal veins and 
thrombosis of the lower renal vein associated with lupus nephritis. (B—D 
From Kamel and Berkowitz 1996; with permission.) (A) [VU shows 
swollen right kidney nonopacification of the lower part of the right kid- 
ney. Only upper-polar calyces are opacified (arrows). (B) T1-weighted 
MR image shows swollen right kidney with diminished corticomedullary 


contrast. (C) T2-weighted MR image shows wavy rim of low-signal 
intensity (arrowheads) along the outer part of medulla. Areas of low- 
signal intensity around the right side of both kidneys are due to chemical- 
shift artifact. (D) Venogram of the lower renal vein shows filling defect 
(arrows), suggestive of renal vein thrombosis. Note excreted contrast 
material in the upper-polar calyx (asterisk) 
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A 29-year-old man with renal vein thrombosis in a trans- 
planted kidney. (C and D From Kamel and Berkowitz 1996; with permis- 
sion.) (A) US shows swollen transplanted kidney with prominent renal 
medulla. Note renal vein filled with echogenic thrombi (arrows). (B) 
Spectral Doppler US shows very weak flow signal with absent diastolic 


flow, suggesting high resistance of the kidney to arterial inflow. (C) 
Tl-weighted MR image shows swollen transplanted kidney with poorly 
defined, low-intensity medulla. (D) T2-weighted MR image shows prom- 
inent areas of low signal intensity in the renal medulla (arrowheads) 


Illustrations 


20. Nutcracker Syndrome 


Velocity = 


Nutcracker syndrome in a 16-year-old male patient with 
intermittent gross hematuria. (A) US of the left renal vein in transverse 
plane shows dilated left renal vein (rv) which is compressed between 
the aorta (a) and superior mesenteric artery (s). The diameter of the left 
renal vein at hilar portion is 10.1 mm and that of aortomesenteric por- 
tion is 1.6 mm. (B) Spectral Doppler US at hilar portion of the left renal 
vein shows normal flow velocity of 22.5 cm/s. (C) Spectral Doppler US 
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at aortomesenteric portion of the left renal vein demonstrates very high 
flow velocity of 152 cm/s. (D) Left renal venogram shows an evidence 
of compression of the left renal vein (arrow) between the aorta and 
superior mesenteric artery. Also note prominent collateral circulations 
including gonadal vein (arrowheads). There was a significant pressure 
gradient (6 mmHg) between the left renal vein and inferior vena cava 
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Nutcracker syndrome in a 19-year-old man. (B and C From 
Kim SH, Chosw, Kim HD, et al. Nutcracker Radiology 1996; with per- 
mission.) (A) Color Doppler US of the left renal vein in transverse 
plane shows severe compression (arrow) of the left renal vein (rv) 
between the aorta (a) and superior mesenteric artery (s). (B) Spectral 
Doppler US at hilar portion of left renal vein shows normal flow veloc- 
ity (16.7 cm/s). (C) Spectral Doppler US at aortomesenteric portion of 


the left renal vein shows high flow velocity (151 cm/s). (D) Contrast- 
enhanced CT well demonstrates dilated left renal vein (rv) with com- 
pression of the vein between the aorta (a) and superior mesenteric 
artery (s). (E) Left renal venogram shows compression of the left renal 
vein (arrow). Also note abundant retroperitoneal collateral vessels. The 
pressure gradient between the left renal vein and inferior vena cava was 
3.5 mmHg 
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Y = -1.04m/s 
¿Mean = 0.26m/s 


8:60 


Fig. 20.3 Nutcracker syndrome with pelvic congestion syndrome ina proximal left gonadal vein (arrows, B) and dilated left periuterine veins 
30-year-old woman. (A) IVU shows irregular indentation of left ureter (arrows, C). (D) Spectral Doppler US at aortomesenteric portion of the 
(arrows). (B and C) Axial contrast-enhanced CT scan shows dilated left renal vein shows high flow velocity (104 cm/s) 
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Introduction 


Hyuck Jae Choi and Jung Suk Sim 


Ultrasonography (US) and intravenous urography (IVU) 
have been used in many upper urinary tract diseases. Recently, 
computed tomography (CT) and magnetic resonance imag- 
ing (MRI) are increasingly used in the diagnosis of upper 
urinary tract disease. CT and MRI are especially useful in the 
diagnosis of urolithiasis and other co-morbid conditions such 
as trauma, infection, or tumor. 


Ureteritis 


Primary inflammatory disease of the ureter is rare. Ureteral 
inflammation may be caused by spread from the upper uri- 
nary tract via urine, hematogenous spread, or direct exten- 
sion from lesions in adjacent organs. Regardless of the origin 
of inflammation, ureteral responses include loss of peristal- 
sis, dilatation and striation due to redundancy, gas formation, 
mural infiltration, ulceration, pseudo-diverticulation, edema, 
and/or fibrosis. 

Bacteria itself or endotoxin can decrease ureteral peristal- 
sis. Dilation results from poor emptying of the paralyzed 
ureter, so-called ureteral ileus. Mucosal striations are usually 
due to redundancy of the dilated ureter, but longitudinal stri- 
ations due to mucosal edema are occasionally seen without 
dilatation. 

Focal ureteral stricture can be caused by instrumentation, 
irradiation, calculi, or infection. Secondary inflammation 
after extraurinary infection, such as appendicitis, pelvic 
inflammatory disorders, diverticulitis, or inflammatory bowel 
disease, can also cause ureteral stricture. Idiopathic segmen- 
tal ureteritis or nonspecific granulomatous ureteritis, an 
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intrinsic inflammatory disease of the ureter with no history 
of previous related disease, results in focal ureteral stricture 
that can be multiple. 

Intramural or intraluminal gas-forming infection, such as 
ureteritis emphysematosa, is usually associated with infec- 
tion of the kidney or bladder, so-called emphysematous 
pyelonephritis and emphysematous cystitis. Common organ- 
isms are Escherichia coli and Aerobacter aerogenes, and 
these infections are most often found in patients with diabe- 
tes mellitus. Fistula formation from adjacent organs by 
Crohn’s disease or carcinoma of the bowel or uterus may 
cause ureteral gas. 


Pyeloureteritis Cystica 


Pyeloureteritis cystica is a condition where subepithelial 
cysts filled with proteinaceous fluid are formed. The cyst 
wall consists of inflamed epithelium. Pyeloureteritis cystica 
is usually associated with chronic urinary tract infection. 

Typical urographic findings of pyeloureteritis cystica are 
multiple, small, sharply marginated, smooth, uniform filling 
defects in the renal pelvis and ureter. Most lesions are only a 
few millimeters in diameter, but rarely they can reach several 
centimeters. 


Suburothelial Hemorrhage 


Suburothelial or intramural hemorrhage of the ureter is usu- 
ally secondary to trauma or excessive administration of anti- 
coagulant. Radiological appearance consists of multiple 
smooth filling defects of ureter or sometimes renal pelvis 
resembling cystitis cystica. A few days after correction of 
coagulopathy, radiological abnormality disappears. On CT 
or other cross-sectional studies, the wall of ureter or renal 
pelvis is thickened. 
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Ureteral Pseudodiverticulosis 


Chronic inflammatory irritation causes the ureteral mucosa to 
become hyperplastic, which can then invaginate into the loose 
lamina propria of the ureter. This results in formation of pseudo- 
diverticula. The outpouched lumen are seen during urography 
as multiple small diverticula. The clinical presentations are 
gross hematuria and recurrent urinary tract infection. They are 
usually multiple, and there are conflicting reports about an 
increased risk of ureteral transitional cell carcinoma up to 50%. 
On IVU or retrograde ureterogram (RGU) they are seen as 
multiple, small (<4 mm), and often bilateral diverticula. On CT 
they are seen as multiple outpouching diverticula. In the imag- 
ing evaluation of ureteral pseudodiverticulosis, radiologists 
should pay attention to the presence of transitional cell carci- 
noma in the ureter. Congenital ureteral diverticulum is rare and 
usually large and single and has all layers of the ureter. 


Malakoplakia 


Malakoplakia is a rare granulomatous inflammatory disease, 
presumed to be associated with bacterial infection, especially 
E. coli. It affects all body organs but mainly affects the geni- 
tourinary tract (bladder, kidney, ureter, prostate). The histo- 
logical hallmark of malakoplakia is Michaelis-Gutman bodies 
within the urothelial cells representing partially digested bac- 
terial fragments. As the name indicates, the gross appearance 
of malakoplakia is a soft (Greek malakos) and yellowish 
mucosal elevation (plakos). Ureteral malakoplakia is usually 
coincident with malakoplakia of the kidney or urinary blad- 
der. Radiologically, malakoplakia of the ureter is seen as 
smooth elevations of the mucosal surface, which can be soli- 
tary or multiple. Definite diagnosis of malakoplakia, however, 
requires biopsy. 


Radiation Ureteritis 


Radiation therapy for malignancies of the pelvic organs, such 
as uterine cervix and urinary bladder, can cause ureteral 
change. Most radiation-related damage to the ureter is due to 
rapid cell turnover of epithelial cells. An early change is sub- 
epithelial inflammatory infiltration; late change is fibrosis. 
The typical radiologic finding of radiation fibrosis of the ure- 
ter is smooth narrowing of the lumen in distal one third. 


Mesenchymal Tumors of Urinary Tract 


The urinary tract is covered by transitional cells and its wall 
is composed of mesenchymal tissues. Although they are 
rare, various tumors can arise from the wall of the renal 
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pelvis and ureter. They include hemangioma, leiomyoma, 
neurofibroma, fibroepithelial polyp, and lymphoma. 

Among them, fibroepithelial polyps are relatively com- 
mon and have unique morphology. They are benign tumors 
of the ureter, composed of fibrovascular core covered by 
transitional epithelium. Their shapes are long and slender, 
ranging from 1 to 13 cm in length. They can arise anywhere 
in the course of the ureter, even in the proximity of uretero- 
pelvic junction. Having long pedicle, they can move freely, 
and about half of them cause urinary obstruction. 


Periureteral Metastasis 


There are several ways tumors can reach to the ureters: 
hematogenous metastasis to the submucosa, direct invasion 
from the adjacent organs such as uterine cervix and sigmoid 
colon, and scirrhous spread to the periureteral tissues, espe- 
cially from the organs of the upper abdomen such as stomach 
or pancreas. Differentiation of metastasis from primary ure- 
teral tumor is necessary for optimal patient management. 
Metastatic tumors usually affect the periureteral adventitia and 
compress ureter. Metastatic scirrhous adenocarcinoma (i.e., 
prostate cancer, stomach cancer, and colon cancer) usually 
form desmoplastic reaction and cause obstruction. On IVU, 
scirrhous periureteral metastasis appears as a long, irregular 
filling defect. On CT, the wall of the ureter is thickened and 
occasionally enhancing after injection of contrast material. 


Postoperative Changes of the Ureter 


Nonurologic surgical procedures involving the lower abdo- 
men and pelvis can result in various changes of the urinary 
tract. Among them, medial deviation of ureters, transient 
hydronephroureter due to adynamic ileus of the ureters, and 
posterior displacement of bladder and seminal vesicles are 
most common. Most of fistulas involving the ureters occur in 
association with surgery. In these cases, fistulas to the skins 
and gynecologic organs are common. In cases of chronic 
inflammations, such as Crohn’s disease, ureterointenstinal 
fistula can be formed. 
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1. Nonspecific Ureteritis 


A 


Fig. 1.1 Nonspecific ureteritis in a 41-year-old woman. (A) Retrograde 
pyelography (RGP) shows irregular nodular elevated lesions in the right 
midureter (arrow). Ureteroscopic biopsy revealed nonspecific inflam- 
mation and the patient's symptoms improved without specific treat- 
ment. (B) Contrast-enhanced CT shows eccentric thickening of the 
right ureteral wall (arrow) and excreted contrast material in the ureteral 
lumen. Also note dilated left ureter (arrowhead) 
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Fig. 1.2 Nonspecific ureteritis in a 32-year-old man. (A) IVU shows 
irregular nodular lesions in the right proximal ureter (arrow). Note 
duplicated left ureter. (B) Contrast-enhanced CT shows concentric 
thickening of the right ureteral wall (arrow) and excreted contrast mate- 
rial in the ureteral lumen. Note duplicated left ureter (arrowheads) 
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2. Pyeloureteritis Cystica 


Fig. 2.2 Ureteritis cystica in a 56-year-old woman. RGP shows innu- 
merable linear and nodular filling defects in the left renal pelvis and 
proximal ureter (arrows) 


Fig. 2.1 Ureteritis cystica in a 28-year-old woman. RGP shows innu- 
merable linear and nodular filling defects in the distal portion of the 
right ureter without significant obstruction (arrows) 


698 16 Renal Pelvis and Ureter 


2.4 Pyeloureteritis cystica in a 62-year-old woman. (A) Plain 
radiograph shows a round calcification in the left abdomen. (B) IVU 
shows that the calcification is a stone in a calyceal diverticulum in the 

lower-polar region of the left kidney. Also note nodular lesions 
Fig. 3 Ureteritis cystic and bladder transitional cell carcinoma in a (arrowheads) in the left pelvocalyces and proximal ureter due to 
56-year- cold woman. (A) IVU shows multiple nodular filling defects  pyeloureteritis cystica 
(arrows) in the left pelvocalyces and proximal ureter due to pyeloureteritis 
cystica. Note filling defect in the bladder dome portion, suggesting bladder 
transitional carcinoma (arrows). (B) Transverse contrast-enhanced CT 
shows diffuse wall thickening of bladder right and posterior wall with 
perivesical infiltration, suggesting transitional cell carcinoma 
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3. Pyeloureteral Striation 


d 


Fig. 3.1 Pyeloureteral striation in a 29-year-old woman who had left 
ureteral obstruction due to uterine cervical carcinoma that was relieved 
after radiation therapy. IVU shows severe striation in the left renal pel- 
vis and proximal ureter (arrowheads) due to previous obstruction 


Fig. 3.2 Pyeloureteral striation in a 43-year-old man with neurogenic 
bladder. IVU shows severe striation in the right midureter (arrow) due to 
previous obstruction 
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4. Suburothelial Hemorrhage 


Suburothelial hemorrhage in a 57-year-old woman who was 
receiving anticoagulation therapy for 2 years following mitral valve 
replacement for mitral regurgitation. The patient had gross hematuria 
during the preceding week. Contrast-enhanced CT shows markedly 
thickened wall of the renal pelvis (arrowheads) in both kidneys due to 
suburothelial hemorrhage 


4.1 Suburothelial hemorrhage in a 64-year-old woman who was 
receiving anticoagulation therapy for atrial fibrillation and had severe 
hematuria in the preceding 10 days. (A) IVU shows mucosal irregulari- 
ties and nodularities in pelvocalyces of the kidneys and ureters (arrow- 
heads). (B) Contrast-enhanced CT performed on the next day shows 
delayed excretion on the right kidney with dilated pelvocalyces and 
thickened wall (arrows). Also note markedly thickened wall of the left 
renal pelvis (arrowheads) due to suburothelial hemorrhage 


Suburothelial hemorrhage in an 80-year-old woman. Contrast- 
enhanced CT shows markedly thickened wall of the renal pelvis 
(arrows) in both kidneys due to suburothelial hemorrhage 
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Fig. 4.5 Suburothelial hemorrhage in a 16-year-old boy who was 
receiving anticoagulation therapy for ventricular septal defect. IVU 
shows severe irregularities and nodularities in the left pelvocalyceal 
Fig. 4.4 Suburothelial hemorrhage in an 80-year-old woman. (A and B) wall (arrowheads) due to suburothelial hemorrhage 

Non-contrast CT shows thickening of renal pelvis of both kidney 

(arrows, A). Contrast-enhanced CT shows markedly thickened wall of 

the renal pelvis in both kidneys due to suburothelial hemorrhage. Note 

prominent enhancement of both ureteral mucosa (arrows, B) 
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5. Diverticulum and Pseudodiverticulosis of the Ureter 


Fig. 5.1 Small ureteral diverticulum in a 64-year-old woman. IVU 
shows a small, saccular diverticulum in the right proximal ureter Fig. 5.3 Pseudodiverticulosis in a 65-year-old woman with ureteral 
(arrow). This may be either a true or false diverticulum obstruction due to uterine cervical carcinoma. Percutaneous nephros- 


tomy was performed and tubogram shows multiple diverticular projec- 
tions in the left distal ureter (arrows) 


Fig. 5.2 Small ureteral diverticulum in a 64-year-old woman. IVU 
shows a small diverticulum in the right proximal ureter (arrow) 
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Illustrations 


6. Air in Collecting System 


Fig. 6.1 Air in the urinary tracts in a 27-year-old man who 
underwent ureterosigmoidostomy for contracted bladder due to 
tuberculosis. Plain radiograph shows a large amount of air (arrows) 
in the dilated pelvocalyces and ureter 
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Fig.6.2 Air in the urinary tract due to vesicoureteral reflux of air intro- (B) VCU shows reflux of contrast material and air (arrows) into the left 
duced through a Foley catheter in a 72-year-old woman with tuberculo- urinary tract. (C) Contrast-enhanced CT shows a dilated left renal pelvis 
sis of the right urinary tract and urinary bladder. (A) Longitudinal US of containing air bubbles in the nondependent portion (arrow). Also note 
the left kidney shows strong echoes (arrows) accompanying posterior contracted right kidney with calcification due to tuberculosis 

sonic shadowing in the nondependent portion of the dilated renal pelvis. 
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7. Fibroepithelial Polyp 
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Fig. 7.1 Fibroepithelial polyp in a 26-year-old man. (A) A 25-min 
IVU shows mild hydronephrosis of the left kidney and a linear filling 
defect (arrow) in the proximal ureter. (B) RGP shows narrowing of the 
left proximal ureter and a linear filling defect (arrow) in the dilated 


ureter proximal to the narrowing. Note that the filling defect appears to 
be attached to the narrowed portion of the ureter. (C) Delayed image of 
RGP shows that the filling defect (arrows) moved distally but still 
appears attached to the narrowed portion of the ureter 
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Fig. 7.2 Fibroepithelial polyp in a 33-year-old man. (A) RGP shows a 

filling defect (arrow) in the left proximal ureter with obstruction. 


(B) Coronal reconstructed contrast-enhanced CT scan shows mass in 
the left proximal ureter (arrow) with proximal obstruction 
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Fig. 7.3 Fibroepithelial polyp in a 44-year-old woman who had gross 
hematuria for 18 months. (A) US shows 1.69 cm-sized mass (arrow) in 
the dilated lower polar calyx of the right kidney. (B) RGP shows filling 
defect (arrow) in the dilated lower polar calyx and renal pelvis of right 
kidney. Note linear filling defect in the renal pelvis and proximal ureter, 


suggesting the stalk of a fibroepithelial polyp (arrowheads). (C) Coronal 
reconstructed contrast-enhanced CT scan shows lobulating contoured 
mass (arrow) in the right renal pelvis and lower polar calyx with 
hydronephrosis 
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Fibroepithelial polyp in a 15-year-old man. (A) IVU shows a 
left hydronephrosis with abrupt narrowing in the left proximal ureter. : Fibroepithelial polyp in a 34-year-old man. (A) IVU shows an 
Note linear radiolucent filling defect in the left ureteropelvic junction elongated filling defect (arrow) in the left proximal ureter without sig- 
(arrow). (B) Contrast-enhanced CT scans show a dilated left ureter con- nificant obstruction. (B and C) Contrast-enhanced CT scans show 
taining a filling defect (arrow), suggesting the stalk of a fibroepithelial dilated left ureter containing a filling defect (arrow) 
polyp 
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Fibroepithelial polyp in a 38-year-old man. (A) RGP shows 
obstruction in the right distal ureter (arrow). (B) RGP with further 
injection shows passage of contrast material into the upper urinary tract 
and a linear filling defect (arrows) in the midureter. (C) Antegrade 


iE 
— 


pyelography (AGP) well demonstrates an elongated filling defect that 
moved distally. Considering the movement of the filling defect on RGP 
and AGP, the filling defect is attached to the ureteral wall in its proximal 
end (arrow) seen on this AGP image 
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Fig.7.6 (continued) 
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8. Hemangioma of Renal Pelvis 


Fig.8.1 Carvenous hemangioma of the kidney in a 62-year-old woman. posterior renal parenchyma (arrowheads). Note a small cyst in the pos- 
(A) IVU shows nonopacification of the interpolar calyx of the right kid- teromedial aspect of the right kidney (arrow). At pathologic examination, 
ney (asterisk) and compression effect on the lower polar calyx (arrow- the tumor was composted of dilatated vessels with organizing thrombi 
heads). (B) Contrast-enhanced CT shows a low-attenuated mass (asterisk) and was consistent with carvenous hemangioma 

in the renal sinus region of the right kidney with poor enhancement of the 
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9. Periureteral Metastasis 


16 Renal Pelvis and Ureter 


Periureteral metastasis in a 71-year-old man who underwent 
partial gastrectomy for gastric cancer 2 years earlier. (A) Contrast- 
enhanced CT shows dilated left ureter (arrow). (B) CT scan at a lower 
level shows thickened ureteral wall (arrow) and fine nodular and streaky 
lesions (arrowheads) along the anterior margin of the left psoas 
muscle 


- Periureteral metastasis in a 50-year-old man with advanced 
gastric cancer. (A and B) Contrast-enhanced CT scans show thickened 
left ureteral wall (arrow) and faintly enhancing flat lesion (arrowheads) 
along the anteromedial margin of the left psoas muscle. Note normal 
right ureter and calcifications in the aortic wall 
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F Periureteral metastasis in a 58-year-old woman who under- 
went radical subtotal gastrectomy for advanced gastric cancer 5 years 
earlier. Contrast-enhanced CT shows extensive infiltration (arrows) 
around the right ureter (curved arrow) and along the mesentery. Also 
note ascites and peritoneal thickening (arrowheads) due to peritoneal 
carcinomatosis 


i Periureteric metastasis from rectal cancer in a 57-year-old 
man. (A) IVU shows abrupt narrowing of left proximal ureter (arrow) 
and proximal obstruction. (B) Contrast-enhanced CT scans show soft 
tissue infiltrations (arrowheads) around the left ureter (arrows) in ante- 
rior aspect of left psoas muscle due to periureteral metastasis 


Periureteric metastasis from pancreas cancer in a 56-year-old 
man. (A and B) Contrast-enhanced CT scans show soft tissue infiltra- 
tions (arrowheads) around the right ureter (arrow) due to periureteral 
metastasis 
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V1 = 0.414m/s 
V2 = 0.115m/s 


RI = 0.72 
S/D = 3.61 


Fig. 9.6 Early periureteral metastasis in a 68-year-old man with (B) Contrast-enhanced CT shows mild wall thickening of left proximal 
advanced gastric cancer. (A) Spectral Doppler US shows increased RI ureter (arrowheads). Note contrast material in the ureter lumen 
(0.72) with hydronephrosis suggesting obstructive lesion in ureter. 
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10. Postoperative Changes of the Ureter 


Fig. 10.1 Medial deviation of the ureters in a 43-year-old man 
who underwent Miles’ operation for rectal cancer. [VU shows 
bilateral ureteral stents that are medially displaced in distal portion. 
Ureteral stents were introduced to relieve bilateral ureteral 
obstruction due to postoperative strictures 
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Fig. 10.2 Transient postoperative hydronephrosis in a 50-year-old hydronephrosis and hydroureter on both sides due to impaired peristal- 
woman who underwent radical hysterectomy and lymph node dissec- sis in the distal ureters. (C) Follow-up IVU obtained 2 months later 
tion for uterine cervical carcinoma. (A) Preoperative IVU shows nor- shows return of normal peristalsis 

mal findings. (B) IVU obtained 2 weeks after the surgery shows mild 
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Fig. 10.2 (continued) 
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Fig. 10.3 Ureterovaginal fistula that occurred following hysterectomy 
for uterine myoma in a 50-year-old woman. (A) IVU shows slightly 
dilated left ureter and a linear leak of contrast material (arrows) from 
distal portion of the left ureter. (B) RGP demonstrates ureterovaginal 
fistula (arrows) and opacification of the vagina (arrowheads) 
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Introduction 


Deuk Jae Sung and Chang Kyu Sung 


Radiologic investigation is a crucial source of clinical 
information in many disorders of the bladder. Although ultra- 
sonography is commonly the initial diagnostic study in pedi- 
atric patients, both computed tomography (CT) and magnetic 
resonance imaging (MRI) are mainly used to evaluate the 
bladder noninvasively. Urothelial carcinoma is overwhelm- 
ingly the most common bladder tumor, and cross-sectional 
imaging is a significant part of tumor staging and planning 
appropriate management. CT is also helpful in assessing the 
upper urinary tracts for synchronous or metachronous urothe- 
lial neoplasms in patients with bladder cancers. Nonurothelial 
neoplasms and mass-forming inflammatory disorders often 
mimic urothelial neoplasm, and clinical and pathologic cor- 
relation is indispensable. CT is the primary imaging tech- 
nique used to evaluate patients with bladder trauma and 
patients who underwent cystectomy with a urinary diversion. 
Familiarity with the altered anatomy allows accurate interpre- 
tation of radiologic studies. 


Anatomy 


The urinary bladder is a distensible muscular organ that 
holds 400-500 mL of urine. The bladder wall consists of 
mucosa, submucosa, lamina propria, and smooth muscle, 
and its thickness varies with the degree of bladder distension. 
The bladder wall musculature consists of three layers, an 
inner longitudinal, a middle circular, and an outer longitudinal 
layer. The trigone is a triangular area between the two 
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ureteral orifices and the internal urethral opening. Between 
the ureteral orifices, the musculature of the bladder floor is 
hypertrophied, forming the interureteric ridge. The bladder 
dome is covered by peritoneum, and the bladder base is 
anchored inferiorly to neighboring structures by reflections 
of the pelvic fascia and by true ligaments of the pelvis. 
Ventrally, the space of Retzius is located between the pubic 
symphysis and urinary bladder. Dorsally, 1t borders the rec- 
tum or vagina, and, laterally, paravesical fat and connective 
tissue. 


Congenital Anomalies 
Bladder Exstrophy 


Bladder exstrophy is a rare congenital anomaly. It is often 
referred to as the exstrophy—epispadia complex. It occurs as 
a spectrum of anterior abdominal wall defects caused by 
varying degrees of failure of midline fusion of the mesoder- 
mal tissue below the umbilicus. In classic exstrophy, the 
bladder lies open and everted on the anterior abdominal wall. 
The urethra is epispadic and there is a concomitant wide 
separation of the symphysis pubis with outward rotation of 
the innominate bone and squaring of the iliac notch. 
Intravenous urography (IVU) usually demonstrates normal 
upper urinary tracts, but the most distal portion of the ureters 
may have a bulbous angulation. 


Urachal Anomalies 
The urachus is a midline tubular structure that extends 
upward from the anterior dome of the bladder toward the 


umbilicus. The tubular urachus normally involutes before 
birth, remaining as a fibrous band known as the median 
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umbilical ligament. However, persistence of an embryonic 
urachal remnant can give rise to various clinical problems, 
not only in infants and children but also in adults. Congenital 
anomalies resulting from incomplete urachal closure may 
occur anywhere from the bladder dome to the umbilicus. 
They include patent urachus, urachal cyst, umbilical-urachal 
sinus, and urachal diverticulum. Patent urachus is a tubular 
communication between the anterosuperior aspect of the 
bladder and the umbilicus. Urachal cyst develops if the ura- 
chus closes at both the umbilicus and the bladder but remains 
patent between these two endpoints. It occurs primarily in 
the lower one-third of the urachus and less frequently in the 
upper one-third. Umbilical-urachal sinus consists of blind 
dilatation of the urachus at the umbilical end. A small open- 
ing into the umbilicus is generally present and may result in 
periodic discharge. Urachal diverticulum is an outpouching 
at the dome of the bladder that results when the vesical end 
of the urachus fails to close. 


Inflammatory and Nonneoplastic Diseases 
Acute Bacterial Cystitis 


Bacterial cystitis is most commonly caused by Escherichia 
coli. It is primarily a disease of women and is sometimes 
related to sexual intercourse. In men, it is usually associated 
with lower urinary tract obstruction or bacterial prostatitis. 
The radiological findings of bacterial cystitis are nonspecific. 
The major finding is that of bladder edema. Diffuse irregu- 
larity and thickening of mucosal folds may be seen. These 
findings are often more prominent at the bladder base and 
trigone, but may involve the entire bladder wall. 


Emphysematous Cystitis 


Emphysematous cystitis is a rare form of acute inflammation 
of the bladder in which gas is present within the wall of the 
bladder. It is most commonly seen in patients with longstand- 
ing and poorly controlled diabetes mellitus. Other predispos- 
ing conditions include chronic urinary tract infections, 
bladder outlet obstruction, and a neurogenic bladder. The 
offending organism is usually E. coli, but various other bac- 
teria and yeast infections have also been reported. In addition 
to gas within the bladder wall, gas collection can be seen 
within the bladder lumen or perivesical space. Possible non- 
infectious sources of pelvic air should be considered and 
include recent bladder instrumentation, vesicocolic or vesi- 
covaginal fistulas, trauma, and pneumatosis cystoides intes- 
tinalis. CT allows early detection of intraluminal or intramural 
gas, and it is also useful in evaluating other causes of intralu- 
minal gas such as enteric fistula formation from adjacent 
bowel carcinoma or inflammatory disease. 
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Radiation Cystitis 


Intracavitary or external radiation therapy may cause either 
immediate or delayed radiation cystitis. The most severe 
radiation injuries cause bladder necrosis, incontinence, and 
fistula formation. Beyond 1 year, chronic radiation effects 
result from an obliterative endarteritis in the lamina pro- 
pria, followed by ischemic changes and interstitial fibrosis. 
Radiographic changes are nonspecific and may show an 
irregular bladder outline due to edema and hemorrhage, fol- 
lowed by mucosal ulceration, fibrosis, and a small capacity 
bladder. Rarely, calcification is seen in the bladder wall. 


Cyclophosphamide Cystitis 


Cyclophosphamide cystitis is a drug-induced cystitis. It is 
probably due to prolonged contact of the bladder mucosa with 
primary and secondary metabolites of cyclophosphamide. 
Radiographically, bladder wall thickening and mucosal irreg- 
ularities due to hemorrhage and edema can be seen. In the 
chronic stage, depending on the extent of the damage, bladder 
wall fibrosis may ensue, resulting in small capacity bladder. 
Occasionally, calcification of the bladder wall appears. 


Cystitis Cystica and Cystitis Glandularis 


Two benign proliferative lesions of the urinary bladder that are 
frequently confused with bladder tumors are cystitis cystica 
and cystitis glandularis. The etiology is unknown, but there is 
a clear relationship to chronic irritation such as infection, cal- 
culi, outlet obstruction, or even tumor. Cystitis cystica appear 
histologically as submucosal nest of epithelial cells surround- 
ing a central liquefied region of cellular degeneration. They 
are more frequent in women and children with chronic urinary 
tract infection and are most common at the trigone and base of 
the bladder. Cystitis glandularis is similar to cystitis cystica 
except that the Brunn’s nests have undergone glandular meta- 
plasia. The urographic appearance of these two types of cysti- 
tis varies from a single large tumor-like mass to multiple 
discrete nodular filling defects at urography. On cross-sectional 
image they can be seen as areas of focal or diffuse thickening 
of the bladder wall or a well-defined fungating lesion. 


Schistosomiasis 


Schistosomiasis of the urinary bladder is caused by Schistosoma 
haematobium. It is a parasitic infection, which is endemic in 
some countries, especially Africa, The ova are excreted in 
urine and often entrapped in the mucosa and penetrate the 
submucosa of the ureter and bladder, causing granulomatous 
reaction, fibrosis, and death of the eggs. The dead eggs calcify 
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causing fine, linear calcifications in the wall of the ureter and 
bladder. In the acute phase, nodular bladder wall thickening is 
observed at urography or cross-sectional imaging. The chronic 
phase is characterized by a thick-walled and contracted blad- 
der with wall calcifications. 


Tuberculosis 


Tuberculosis of the bladder is almost always secondary to 
renal tuberculosis except direct infection from Bacillus 
Calmette-Guérin (BCG) treatment for urothelial carcinoma. 
Tuberculosis should be considered in patients who suffer from 
refractory cystitis or sterile pyuria. In the acute phase, infec- 
tion usually occurs near a ureteral orifice, which results in 
granulations, and therefore may lead to obstruction. If the 
whole of the bladder is involved, imaging findings include dif- 
fuse wall-thickening and trabeculation. In the chronic phase, 
the bladder is contracted from bladder wall fibrosis and may 
be complicated by vesicoureteral reflux due to a fixed and 
patulous vesicoureteral junction orifice. There is rare calcifica- 
tion, which is seen only after healing, in the bladder wall. 


Malakoplakia 


Malakoplakia is a rare granulomatous lesion characterized 
by mucosal plaques involving the bladder or, less commonly, 
the kidney, retroperitoneum, testis, and prostate. It is more 
frequent in women and is usually associated with chronic 
urinary tract infection. It often presents as a tumor-like mass 
of the bladder wall, which may be impossible to differentiate 
radiographically from invasive bladder neoplasms. 


Endometriosis 


Even though endometriosis does not involve the urinary 
tract, it is predominantly found in the bladder. Involvement 
results from spontaneous implantation of endometrial tissue 
within the bladder wall or implantation following pelvic sur- 
gery. Endometriosis may produce an obtuse bulging mass or 
a polypoid mass in the bladder lumen. Image findings may 
demonstrate a nonspecific filling defect, typically located 
posteriorly in the bladder. However, MRI can show specific 
imaging features with hemorrhagic foci of high-signal inten- 
sity on fat-suppressed and non—fat-suppressed T1-weighted 
images in the endometriotic bladder masses. 


Bladder Injuries 


Injury of the bladder may occur as a result of blunt, penetrating, 
or iatrogenic trauma. It is related not only to the mechanism 
of injury but also to the degree of filling of the bladder at the 
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time of injury. Bladder injuries are classified by a consensus 
panel of the Societe Internationale D’Urologie into four 
types: type 1, bladder contusion; type 2, intraperitoneal rup- 
ture; type 3, extraperitoneal rupture; and type 4, combined 
injury. 

Bladder contusion is related to mucosal injury from 
trauma and its radiographic findings are usually normal. 
Intraperitoneal bladder rupture occurs when there is sudden 
rise in intravesical pressure as a result of a blow to or com- 
pression of the lower abdomen in patients who have a dis- 
tended bladder. The rupture usually occurs at the weakest 
portion of the bladder wall, the dome, where the bladder is 
in contact with the peritoneal surface. Therefore, an injury 
at the bladder dome gives rise to urinary extravasation into 
the intraperitoneal space. Unlike intraperitoneal rupture, 
extraperitoneal bladder rupture accounts for approximately 
two thirds of bladder injuries and is almost invariably asso- 
ciated with pelvic fracture, in which bony spicules from 
pelvic fracture may directly puncture the bladder. A routine 
abdominopelvic CT examination cannot be reliable in the 
diagnosis of bladder rupture because it is difficult to dif- 
ferentiate urine from ascites at CT. Active distension of the 
bladder with a minimum of 300-350 mL of contrast mate- 
rial by bladder catheterization is essential to exclude a 
bladder leak. When a high possibility of urethral injury is 
suggested in patients with urethral bleeding, retrograde 
urethrography should be performed before bladder cathe- 
terization. Both CT cystography and conventional cystog- 
raphy show similar high sensitivity and specificity in the 
detection of bladder rupture. Although a postdrainage 
image is not necessary in CT cystography, it should be 
obtained in conventional cystography because a posterior 
wall injury may be obscured on a bladder-filled image. In 
intraperitoneal rupture of the bladder, there is leakage of 
contrast material that is free flowing, fills the cul-de-sac 
and paracolic gutters, and outlines the abdominal viscera 
and loops of bowel. In extraperitoneal rupture of the blad- 
der, leaked contrast material is not free-flowing and tends 
to streak in a flame-like fashion adjacent to the bladder. In 
complex extraperitoneal rupture, extravasation of contrast 
material may extend beyond the confines of the perivesical 
space into the perineum, the scrotum, the penis, and the 
anterior abdominal wall through the disrupted facial planes 
of the pelvis. Combined intra- and extraperitoneal rupture 
of the bladder may occur and will demonstrate both sets of 
findings. A penetrating injury of the bladder may occur as a 
result of a stabbing or gunshot wound. It may result in 
intraperitoneal, extraperitoneal, or combined bladder injury. 
Injury of the bladder may also occur in any type of pelvic 
surgery and iatrogenic instrumentation. Obstetric bladder 
injury may result from laceration of the bladder during 
Cesarean section, injury secondary to trauma from obstet- 
ric forceps, or from pressure necrosis of the bladder wall 
during labor. 
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Bladder Neoplasms 
Urothelial Tumors 


Benign urothelial tumors in the urinary bladder are very rare. 
Malignant bladder tumors, however, are the most common 
malignancies of the urinary tract. Most of them are transi- 
tional cell carcinomas (TCCs), accounting for 90% of all pri- 
mary malignant lesions. Men are affected at least three times 
more often than women. The peak age is between 50 and 
80 years. The most common clinical symptom is painless 
gross hematuria. Urothelial tumors tend to be multicentric 
with synchronous and metachronous bladder and upper uri- 
nary tract tumors. About one third of bladder tumors are 
multicentric at the time of diagnosis. Synchronous tumors of 
the upper urinary tract occur in 2.6-4.5% of patients with 
bladder TCCs. There is also an increased prevalence (3.9%) 
of upper urinary tract tumors after the initial diagnosis and 
treatment of bladder cancer. Therefore, careful evaluation of 
upper urinary tract is imperative in patients with bladder 
TCCs arise most commonly in the region of the trigone or 
bladder base, or on the lateral walls. They manifest a variety 
of patterns of tumor growth including papillary, infiltrative, 
papillary and infiltrative, or nonpapillary and noninfiltrative 
(carcinoma in situ). They often have calcification that is due 
to dystrophic calcification within tumor necrosis. Primary 
bladder TCCs infiltrate into the surrounding perivesical fat 
through the bladder wall. Lymphatic drainage is initially to 
the perivesical nodal groups, the presacral and sacral groups, 
then to the obturator, external iliac, and hypogastric lymph 
nodes. The tumor stage (see Table 1) and grade determine 
the prognosis. Superficial bladder TCCs cannot be demon- 
strated at any imaging study. Cystoscopy and biopsy are the 
standard of reference for bladder evaluation in patients with 
superficial tumors confined to the mucosa and lamina pro- 
pria of the bladder. However, in patients with invasive blad- 
der TCCs, radiologic evaluation is important for accurate 
staging and treatment planning because clinical staging is 
not accurate in detecting local invasion or lymph node metas- 
tasis. CT or CT urography has replaced intravenous urogra- 
phy as a standard imaging work-up in patients with hematuria 
and suspected urothelial tumor. Bladder TCCs appear as 
intraluminal polypoid mass or focal wall-thickening with 
early enhancement at approximately 60 sec following con- 
trast injection. With progression of disease, bladder TCCs 
may produce diffuse wall thickening. Unless bladder is dis- 
tended adequately, small-sized mass or focal wall-thickening 
may be missed at imaging. Bladder TCCs with ureteral 
obstruction have a high possibility of muscle invasion. 
Invasive tumors with extravesical extension (T3 tumor) show 
increased attenuation and infiltrations in the perivesical fat 
with loss of interface between the bladder wall and adjacent 
fat. After transurethral bladder tumor resection, focal 
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Table 1 Staging of bladder cancer by 2010 TNM Classification 


Primary tumor (T) 
TX: Primary tumor cannot be assessed 
TO: No evidence of primary tumor 
Ta: Noninvasive papillary carcinoma 
Tis: Carcinoma in situ (i.e., flat tumor) 
T1: Tumor invades subepithelial connective tissue 
T2: Tumor invades muscularis propria 
pT2a: Tumor invades superficial muscularis propria (inner half) 
pT2b: Tumor invades deep muscularis propria (outer half) 
T3: Tumor invades perivesical tissue 
pT3a: Microscopically 
pT3b: Macroscopically (extravesical mass) 


T4: Tumor invades any of the following: prostatic stroma, seminal 
vesicles, uterus, vagina, pelvic wall, abdominal wall 


T4a: Tumor invades prostatic stroma, uterus, vagina 
T4b: Tumor invades pelvic wall, abdominal wall 
Regional lymph nodes (N) 
NX: Lymph nodes cannot be assessed 
NO: No lymph node metastasis 


N1: Single regional lymph node metastasis in the true pelvis 
(hypogastric, obturator, external iliac, or presacral lymph node) 


N2: Multiple regional lymph node metastases in the true pelvis 
(hypogastric, obturator, external iliac, or presacral lymph node) 


N3: Lymph node metastases to the common iliac lymph nodes 
Distant metastasis (M) 

MO: No distant metastasis 

M1: Distant metastasis 


wall-thickening and perivesical infiltrations can mimic extra- 
vesical tumor extension, resulting in overstaging. CT should 
be optimally performed at least 7 days after transurethral 
resection for accurate local staging. However, the roles of CT 
and CT urography in local tumor staging still remain limited 
because it is difficult to confidently identify microscopic 
perivesical spread of tumor at CT. CT urography can be use- 
ful to detect synchronous or metachronous urothelial tumors 
in the upper urinary tracts in patients with current or previ- 
ously treated bladder TCCs. 

MRI can allow discrimination of bladder wall layers 
because of its high intrinsic soft-tissue contrast. Bladder 
TCCs and bladder wall show intermediate signal intensity on 
T1 weighted images (T1 WD), contrasting with the low signal 
intensity of urine and the high signal intensity of perivesical 
fat. Therefore, TIWI is optimal for the detection of extra- 
vesical tumor extension, nodes, and bone metastases. 
On T2-weighted images (T2WD), bladder TCCs show inter- 
mediate signal intensity whereas the bladder wall muscles 
show low signal intensity. Urine and fat are high in signal 
intensity and therefore T2WI is optimal for the evaluation of 
tumor depth and differentiating tumor from fibrosis. However, 
MRI has a reported staging accuracy of 72-96% for the pri- 
mary tumor, and is not much more helpful than CT for staging. 
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As with CT, acute edema or hyperemia after transurethral 
resection mimic perivesical fat invasion and result in over- 
staging. Both CT and MRI also have a limitation in the detec- 
tion of metastasis in normal-sized lymph nodes. Recently, 
the usefulness of diffusion-weighted (DW) MR imaging 
have been suggested for depicting malignant tumors, and it is 
also reliable in the detection of bladder tumors in patients 
with gross hematuria. On DW images, bladder TCCs show 
high signal intensity relative to the surrounding structures. 
The apparent diffusion coefficient values of bladder TCCs 
are lower than those of surrounding structures. 


Other Malignant Tumors 


Squamous cell carcinomas account for 5% of bladder can- 
cers. They are usually associated with chronic irritation from 
urinary calculi, long-term indwelling catheters, chronic or 
recurrent infection, and schistosomiasis. Although radiologi- 
cally similar to some transitional cell carcinomas, they usu- 
ally appear as sessile masses with or without extravesical 
extension. Papillary tumors or predominantly intravesical 
growth patterns are not typical. Because of the tendency of 
these lesions to show early infiltration, patients have a poor 
prognosis. 

Adenocarcinomas account for less than 2% of bladder 
cancers. They are classified into three groups: primary 
vesical, urachal, and metastatic. Adenocarcinoma is known 
to be associated with bladder exstrophy and can be found 
after urinary diversion with bowel and stomach. The imag- 
ing finding of urachal adenocarcinoma is relatively spe- 
cific. Urachal adenocarcinoma can be considered above all 
when soft tissue mass with calcification is located at the 
bladder dome in the midline or slightly off midline. 
Metastatic adenocarcinoma is more common than primary 
adenocarcinoma. Metastatic signet ring cell carcinoma 
usually shows a diffusely infiltrating process mimicking 
linitis plastica. 

Rhabdomyosarcoma is the most common pelvic malig- 
nancy in the pediatric group, which may arise in the bladder 
wall itself or from adjacent structures and secondarily involve 
the bladder. The urinary bladder and prostate are the most 
common locations within the genitourinary tract. Different- 
iating between a rhabdomyosarcoma in the bladder and one in 
the prostate gland or vagina may be difficult. Imaging findings 
are large, cauliflower-like intraluminal masses with locally 
invasive growth pattern and early hematogenous and lym- 
phatic metastases. 

Small cell carcinoma, which is a rare malignant bladder 
tumor, shows highly aggressive features at presentation. At 
imaging, large and polypoid or nodular masses are usually 
seen with wall invasion and occasional central necrosis. 
Calcification is not common. 
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Leiomyosarcomas, fibrosarcomas, and osteosarcomas are 
very rare malignant bladder tumors. The radiologic findings 
are nonspecific and differentiation among them or from a 
large invasive transitional cell carcinoma is difficult. 

Primary bladder lymphoma is extremely rare and second- 
ary involvement of systemic lymphoma is more common. 
Radiographically, they are indistinguishable from transi- 
tional cell carcinoma. Irregularities, thickening, and nodular 
pattern of the bladder wall are nonspecific radiological 
findings. 


Benign Tumors 


Leiomyoma is a rare bladder tumor, accounting for less than 
1% of bladder neoplasms even though it is the most common 
nonepithelial tumor of the bladder. About two thirds of the 
tumors grow intravesically, one third extravesically, and only 
about 7% purely intramurally. They are characterized by 
slow and noninvasive growth without destruction of the over- 
lying mucosa. Imaging usually shows a smooth indentation 
of the bladder wall or an intraluminal mass, which is smooth 
and homogeneous. On MRI, leiomyoma typically shows low 
signal intensity on T2WI and intermediate signal intensity 
on TIWI. 

Hemangioma is a rare benign tumor, and almost half of 
bladder hemangiomas occur in childhood. Imaging features 
are not specific, a small, broad based, sessile mass being the 
most common finding, although hemangiomas are hypervas- 
cular masses at CT or MRI. 

Paraganglioma may rarely occur in the bladder, and 
accounts for 1% of all pheochromocytomas. Half of patients 
with bladder paragangliomas suffer from characteristic mic- 
turition attack due to catecholamine release during micturi- 
tion. At CT and MRI, a solid, homogeneous, lobulated, and 
well-marginated mass is typically seen in a submucosal loca- 
tion with strong contrast enhancement. 

Inflammatory pseudotumor is the most commonly used 
term to describe a nonneoplastic proliferation of myo- 
fibroblastic spindle cells and granulation tissue. This 
lesion may occur at any age, but more commonly occurs 
in adults. The pathogenesis of inflammatory pseudotumor 
remains unclear. Even though inflammatory pseudotumor 
may show local aggressiveness, there has been no report 
concerning the malignant transformation of this condition. 
Inflammatory pseudotumor of the bladder usually manifests 
as a single exophytic or polypoid mass. Large lesion may 
progress through the bladder and may show a substantial 
extravesical component. It is difficult to differentiate inflam- 
matory pseudotumor from a malignant tumor at imaging 
evaluation. 

Neurofibroma can rarely manifest as a bladder mass, which 
may be isolated or occur in associated with neurofibromatosis 
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type I. This tumor may involve other pelvic organs such as 
uterus, vagina, urethra, prostate, and rectum. Imaging find- 
ings are usually diffuse, nodular wall thickening with masses 
extending to the pelvic side wall. 


Miscellaneous Conditions of the Bladder 
Bladder Hernia 


Bladder hernia is an uncommon condition that can occur with 
any type of hernia in the groin. It may be seen in 1-3% of all 
inguinal hernias. The bladder may also be involved in inci- 
sional, femoral, ischiorectal, and obturator hernias. The most 
common type of vesicoinguinal hernia is paraperitoneal, with 
the peritoneum over the dome of the bladder herniating adja- 
cent to the bladder into the inguinal canal. Less common are 
the intraperitoneal and extraperitoneal types. At CT, imaging 
features are bulging of the bladder toward the side of the hernia 
such as inguinal or femoral canal and herniations through other 
abdominal wall defects. Bladder hernia can be detected at 
sonography as a fluid-filled scrotal mass, which may often be 
followed cranially to join the intrapelvic portion of the 
bladder. 


Bladder Ear 


A significant number of infants under the age of 1 year show 
protrusion of the inferolateral aspect of the bladder into the 
inguinal ring. These protrusions, which have been termed 
bladder ears, represent transitory extraperitoneal hernias of 
the bladder because of still incompetent inguinal rings. They 
can be unilateral or bilateral, and usually disappear on dis- 
tension of the bladder. Bladder ear is a normal variation dur- 
ing bladder development, and usually disappear by 1 year of 
age. Persistence of bladder ears in older children usually 
indicates true inguinal hernia. 


Bladder Stones 


Bladder stones can be classified as migrant, primary idio- 
pathic endemic, and secondary stones. Secondary bladder 
stones are the stones related to urinary stasis or foreign bod- 
ies. The causes of urinary stasis are neurogenic bladder, 
bladder diverticulum, cystocele, and bladder outlet obstruc- 
tion due to enlarged prostate or urethral stricture. This may 
be further complicated by superimposed infection. Bladder 
stones may also form on a non-absorbable suture, sponge, 
catheter, or other foreign bodies that serve as a nidus for 
stone formation. Radiopacity of the bladder stones varies 
from very dense to radiolucent. 
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Bladder Diverticulum 


Bladder diverticulum is a round outpouching of the bladder 
wall connected to the bladder by a neck. It may be congenital 
or acquired, single or multiple. Congenital bladder diverticu- 
lum is rare and usually single. The majority is located parau- 
reterally along the posterolateral margin of the bladder 
(Hutch diverticulum). Another example of a congenital 
diverticulum is a vesicourachal diverticulum, which is 
located at the bladder apex. Acquired diverticula are often 
multiple and result from the chronically increased intravesi- 
cal pressure in association with bladder outlet obstruction or 
neurogenic bladder. As the intravesical pressure is increased, 
the mucosal layer invaginates through a focal weakness in 
bladder muscle and protrudes outward. Small outpouchings 
between the hypertrophied muscle bundles are called cel- 
lules or saccules. A narrow-necked diverticulum empties 
slowly as the bladder empties and is therefore more likely to 
have residual urine and urinary stasis. Retention of urine in 
the diverticula results in infection and stone formation. 
Bladder diverticula may be complicated by neoplasm. 


Vesical Fistula 


Vesical fistula is abnormal communication between the uri- 
nary bladder and the other organs as a result of an inflamma- 
tion or malignancy. It may cause involuntary loss of urine. 
The etiologies include surgical complication, penetrating 
trauma, bladder cancer, colon cancer, sigmoid diverticulitis, 
Crohn’s disease, and radiation therapy for pelvic malignancy. 
Tleovesical and ileocolovesical fistulas are most commonly 
associated with Crohn’s disease. Colovesical fistula occa- 
sionally occurs as a complication of diverticulitis. At CT, air 
can be demonstrated in the bladder with focal bladder wall 
thickening and adjacent inflamed bowel. Vesicovaginal fis- 
tula is most commonly iatrogenic, due to bladder injury dur- 
ing obstetric or gynecological procedures. The presence of 
contrast material in the vagina is diagnostic of a fistula 
between the vagina and bladder at cystography. 


Bladder Outlet Obstruction 


Prolonged bladder outflow obstruction results in hypertro- 
phy of the detrusor muscle, diffuse thickening of the bladder 
wall, and bladder diverticula or cellule formation. Diffuse 
thickening of the bladder is also caused by cystitis, neuro- 
genic bladder, and bladder tumors. The causes of bladder 
outflow obstruction include prostatic hypertrophy or carci- 
noma, bladder stones or neoplasms, and urethral strictures. 
Increased intravesical pressure is transmitted to the upper 
urinary tract system resulting in vesicoureteral reflux and 
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hydronephrosis, and eventually leads to renal damage. When 
the residual volume exceeds the physiologic capacity of the 
bladder, the bladder is enlarged, sometimes markedly, due to 
deterioration of detrusor function. 


Neurogenic Bladder 


Neurogenic bladder refers to neuromuscular dysfunction of 
the detrusor muscle and the urethral sphincter. Both storage 
and emptying function of the bladder require complex, neuro- 
logically regulated synergistic cooperation between the detru- 
sor, sphincter, and pelvic floor muscles. A spastic neurogenic 
bladder occurs if a lesion affects the central neurons. Increased 
intravesical pressure on the vesicoureteral junction may cause 
reflux and may result in renal damage. If a lesion affects the 
peripheral neuron, a flaccid bladder is the usual outcome. The 
imaging findings of a spastic neurogenic bladder include 
small capacity, trabeculated, and “Christmas tree” or “pine 
cone” appearance of the bladder with or without vesicoureteral 
reflux. A voiding cystourethrography is performed to detect 
vesicoureteral reflux and urethral obstruction. 


Cystocele 


Female pelvic floor is divided into three compartments: the 
anterior, middle, and posterior compartment. Anterior pelvic 
floor dysfunction involves the bladder and urethra, and results 
in cystocele and stress urinary incontinence. Cystocele can 
develop when the pubocervical fascia is stretched or torn. 
Cystocele is a descent of the bladder base, and is defined on 
lateral cystography as any bladder that, when the patient is in 
the standing position, drops below the inferior margin of the 
symphysis pubis during straining. Using MRI, cystocele can 
be diagnosed when the bladder base descends more than 1 cm 
below the pubococcygeal line, which extends from the infe- 
rior border of the pubic symphysis to the last coccygeal joint. 
In severe cases, there may be complete uterovaginal prolapse 
or eversion and prolapse of the bladder. Hydronephrosis may 
occur if the lower ureters are kinked and stretched at the pel- 
vic floor by the prolapsed bladder. Cystocele is often asso- 
ciated with stress urinary incontinence. Sudden increase in 
intraabdominal pressure causes urinary incontinence when 
there are weak pelvic floor muscles and loss of urethral 
sphincter support. 


Postoperative Imaging of the Bladder 


Radical cystectomy is usually performed in patients with a 
muscle-invasive tumor of the bladder, and less frequently may 
be performed in patients with benign conditions such as 
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neurogenic bladder, interstitial cystitis, or damage from 
irradiation. CT and urography are the essential imaging 
modalities in the follow-up of patients who have undergone 
cystectomy and urinary diversions. Recognizing the newly 
reconstructed structures and altered pelvic anatomy is impor- 
tant in the evaluation of postoperative complications and tumor 
recurrence. 

More than 50 surgical procedures have been devised for 
urinary diversion, which differ in the segment of bowel used, 
means of elimination, and the antireflux mechanism. 


Incontinent Cutaneous Ureterostomy 


The use of this procedure is limited only in patients who do 
not have intact bowel segments for the urinary diversions. 
Bilateral ureters are directly anastomosed to the anterior 
abdominal wall after total cystectomy. 


Incontinent Urinary Diversion with Ileal Conduit 
(Bricker Procedure) 


This procedure is most commonly used for the urinary 
diversion due to relatively simple techniques. After total 
cystectomy, the distal end of isolated ileal segment measur- 
ing 15-20 cm long is anastomosed to the lower anterior 
abdominal wall. Both ureters are anastomosed to the proxi- 
mal end of the isolated ileal segment. A urine bag should be 
applied to the ileal stoma of the abdominal wall because 
continence and voluntary voiding are not possible. At CT 
and IVU, the ureters can be traced into the proximal end of 
isolated conduit, which is usually located in the right lower 
abdomen. Retrograde loopography allows visualization of 
both ureters and pelvocalyceal systems because the ureters 
are implanted into the ileal conduit without the antireflux 
technique. 


Continent Urinary Diversion 


According to the segment of bowel used, the antireflux 
mechanism, and means of elimination, there are two gen- 
eral types of continent urinary diversion. First, there is a 
continent cutaneous reservoir involving a continent 
abdominal wall stoma (e.g., Mainz, UCLA, Indiana, Kock 
pouch). The cutaneous pouches are emptied by intermit- 
tent clean catheterizations. Second, there is an orthotopic 
neobladder in which the reservoir is anastomosed to the 
native urethra without a cutaneous stoma (e.g., Studer 
pouch, hemi-Kock pouch). Voiding in the orthotopic 
pouches occurs when the increased intra-abdominal pres- 
sure from straining exceeds urethral sphincter resistance. 
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Recently, the orthotopic neobladder is more widely 
employed. 

The continent cutaneous reservoir manifests as a pouch of 
variable configurations with the intestinal folds of the used 
bowel segments. The pouch is usually located from the right 
lower abdomen to the pelvic cavity with or without the affer- 
ent ileal loop at CT. The efferent ileal loop is anastomosed to 
the lower anterior abdominal wall, and then it is externalized 
to create the cutaneous stoma. Both ureters are anastomosed to 
the pouch wall directly or the afferent ileal loop with the anti- 
reflux mechanisms. Therefore, retrograde pouchgraphy does 
not reveal contrast reflux in the ureters. If hydronephrosis is 
suspected, retrograde pouchography is necessary to differenti- 
ate reflux from any obstructive changes. The intussuscepted 
nipple valve of the ileal loop, which is made for the antireflux 
or continent mechanism, can be identified as a nodular-filling 
defect in the pouch at CT. 

The orthotopic neobladder shows variable configurations 
in the lower pelvic cavity, including a round, oval, polygonal, 
or lobulated shape at CT. The lowermost of the neobladder is 
anastomosed to the urethra. The ureters are anastomosed to 
the isoperistaltic afferent loop of ileum, which is usually 
located in the right pelvic cavity. CT imaging with a delay of 
at least 10 min after contrast material injection is helpful for 
delineating the ureteroafferent loop anastomoses. The 
delayed images would also help to determine whether the 
upper urinary tract dilatation is transient, caused by contrast- 
induced diuresis, or caused by a true abnormality such as a 
stricture. 


Postoperative Complications 


Early postoperative complications include ileus, urine extrava- 
sation, fistula, and abscess formation. The late complications 
are pouch stones, afferent nipple stenosis, reflux, and hydro- 
nephrosis. Moderate-to-severe hydronephrosis often results 
from a benign ureteral stricture or tumor recurrence. Benign 
ureteral stricture can occur at the ureteroileal or ureteropouch 
anastomoses. Ureteral stricture is more common at left distal 
ureter in the orthotopic ileal neobladder. Focal ischemia may 
cause ureteral stricture because the left periureteric vessels are 
liable to be injured when the left ureter is mobilized to the right 
lower abdomen or to the pelvis for anastomosis to the afferent 
ileal loop. CT is useful in the differentiation of malignant from 
benign obstruction. Local tumor recurrence may occur in the 
reservoir or around the reservoir in the pelvis. Metachronous 
urothelial tumors can also develop in the upper urinary tracts 
or the urethra. 
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1. Congenital Anomalies of the Bladder 


Fig. 1.1 Prune-belly syndrome in a 3-year-old boy. Voiding cystoure- 

throgram (VCU) image shows huge bladder and vesicoureteral reflux Fig. 1.2 Bladder exstrophy in a 27-year-old woman who underwent 

into tortuous, dilated left ureter ureterocolostomy. A 30-min IVU image shows both urinary tracts and 
excretion of contrast material into the colon (arrows). Note wide sepa- 
ration of the symphysis pubis 


Illustrations 
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i ; Duplicated bladder and urethra in a 7-year-old boy with a 
history of suprapubic pain and fever. (A) Longitudinal US image of 
the pelvis shows a thick-walled cystic mass (arrows) in the lower pel- 
vis, anterior and inferior to the bladder (B). (B) Contrast-enhanced 
Tl1-weighted MR image in sagittal plane shows the mass with thick 


enhancing wall (arrows). (C) Injection of contrast material into a small 
opening in the dorsal surface of the penis demonstrates a duplicated 
urethra and bladder (arrows). S symphysis pubis (A-C Courtesy of Joo 
Won Lim, MD) 
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2. Urachal Anomalies 


Fig.2.1 Urachal cyst in a 3-year-old girl. (A and B) Coronally (A) and sagittally (B) reconstructed CT images shows a large cystic lesion (arrows) 
in the midline of the lower abdomen between bladder (asterisk) and umbilicus (curved arrow in B) 


Illustrations 733 


Fig. 2.3 Patent urachus with air in a 60-year-old man. (A and B) 
Contrast-enhanced CT images show a small, air-filled tubular structure 
(arrow) extending inferiorly from the umbilicus (arrowhead in (A) in 
the midline) 


Fig. 2.2 Infected urachal cyst in a 22-year-old woman. (A) Sagittal 
midline US image shows complicated cystic lesion (arrows) in the 
course of the urachus midway above the bladder (B). (B and C) Contrast- 
enhanced CT images demonstrate a strongly enhancing, thick-walled 
cystic lesion (arrow) with surrounding infiltration just beneath the ante- 
rior abdominal wall in the midline 
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Fig. 2.4 Infected umbilical—urachal sinus in a 59-year-old woman. midline. (C) Sinography image shows an irregular sinus track (arrows) 
(A and B) Contrast-enhanced CT images demonstrate an enhancing without communication to the bladder 
tubular lesion (arrow) just beneath the anterior abdominal wall in the 
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3. Infections and Inflammatory Conditions of the Bladder 


a 


bladder. Note a Foley catheter balloon (arrow) in the bladder 


Fig. 3.1 Acute hemorrhagic cystitis in a 45-year-old woman. (A and B) Contrast-enhanced CT images show diffuse wall thickening of the 


Fig. 3.2 Emphysematous cystitis in a 54-year-old woman with diabe- coronally reconstructed CT images clearly demonstrate diffuse collec- 
tes mellitus. (A) Plain radiography image shows collection of air tion of air (arrows) along the right aspect of the bladder wall 
(arrows) in the right pelvic cavity. (B and C) Contrast-enhanced and 
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Fig. 3.3 Emphysematous cystitis in a 77-year-old woman. (A) Plain radiography image shows linear air (arrow) in the right pelvic cavity. 
(B) Coronally reconstructed CT image confirms the presence of air collection within the bladder wall (arrowheads) 


Fig. 3.4 Tuberculous cystitis in a 64-year-old man. (A) Contrast- at upper level demonstrates multiple, low-attenuated lesions (arrows), 
enhanced CT image shows diffuse thickening of the bladder with thick- representing caliectasis in the left kidney 
ening of the left distal ureter (arrow). (B) Contrast-enhanced CT image 


Illustrations 


5 Tuberculosis of the bladder in a 54-year-old woman with pro- 
longed history of tuberculosis. IVU image shows the contracted bladder 
and dilatation of right ureter (arrows) due to vesicoureteral reflux 


.3.6 Radiation cystitis in a 68-year-old man who underwent radia- 
tion therapy for rectal cancer. (A and B) Contrast-enhanced CT images 
show diffuse wall thickening of the bladder with perivesical infiltration 
(arrows) 
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Fig.3.7 Cystitis glandularis in a 55-year-old woman. (A and B) Contrast- 
enhanced CT images show a enhancing sessile mass (arrows) wall in », 


the anterior wall of the bladder. Histologic examination of the transure- > 
: Le as 


~~ za 
thral resection specimens revealed cystitis glandularis f Mi 


Fig.3.8 Cystitis cystica in a 26-year-old man. (A) Bladder image of an 
TVU shows multiple, nodular masses and markedly thickened wall in 
the inferior part of the bladder. Arrowheads indicate outer margin of the 
bladder in the inferior part. Note that both ureters are dilated. (B) 
Contrast-enhanced CT image shows irregular thickening of the inferior 
wall of the bladder. Note strong enhancement of the bladder mucosa in 
this part of the bladder (arrowheads). Cystoscopic biopsy revealed cys- 
titis cystica 


£ 
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Fig. 3.9 Lupus cystitis in a 22-year-old woman. (A and B) Contrast- demonstrates marked dilatation of both ureters (arrows) and with 
enhanced CT shows small capacity of the bladder with diffusely thick- edematous wall thickening of the right colon (arrowheads) 
ened wall (arrows). (C) Contrast-enhanced CT image at upper level 
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Fig. 4.1 Superficial transitional cell carcinoma of the bladder in a 
67-year-old man. (A) Contrast-enhanced CT image demonstrates a well- 
enhancing, polypoid tumor (arrow) in the right lateral wall of the bladder 


without perivesical tumor spread. (B-D) Tumor (arrow) shows interme- 
diate signal intensity on T2-weighted (A) and T1-weighted MR image 
(B) and enhances well on contrast-enhanced T1-weighted MR image 


Fig. 4.2 Muscle-invasive transitional cell carcinoma of the bladder in 
a 82-year-old woman. (A) Contrast-enhanced CT image shows a broad- 
based mass (arrow) in a left posterolateral aspect of the bladder without 
remarkable tumor spread in the perivesical fat. Small calcifications 


(arrowheads) are seen on the surface of the tumor. (B) T2-weighted 
MR image demonstrates a tumor of intermediate signal intensity with 
focal disruption (arrow) of the low signal intensity stripe representing 
the muscle layer of the bladder wall 


Illustrations 


.3 Transitional cell carcinoma of the bladder in a 39-year-old 
man. (A and B) Contrast-enhanced, axial (A) and coronally recon- 
structed CT (B) images show focal wall thickening (arrows) in the 
dome of the bladder. At histologic analysis, infiltrative tumor was found 
in the muscle layer of the bladder 


Fig. 4.5 Transitional cell carcinoma of the bladder in a 65-year-old 
man. Contrast-enhanced CT image shows diffuse calcifications (arrow- 
head) on the surface of a large bladder tumor (arrow) 
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Fig. 4.4 Transitional cell carcinoma of the bladder in a 68-year-old 
man. (A and B) Contrast-enhanced, axial (A) and coronally recon- 
structed CT (B) images show diffuse thickening of the whole bladder 
wall. The outer layers of the muscularis propria were infiltrated by 


tumor 
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g. 4.7 Multifocal transitional cell carcinomas of the bladder in a 
78-year-old man. (A and B) Coronally reconstructed CT images show 
multifocal tumors in the bladder as multiple filling defects 


Fig. 4.6 Transitional cell carcinoma of the bladder with involvement 
of the prostatic urethra in a 65-year-old man. (A) Contrast-enhanced CT 
image shows a small tumor (arrow) in the bladder neck. (B) T2-weighted 
MR image in coronal plane demonstrates a tumor (arrowhead) of 
slightly high signal intensity extending into the prostatic urethra (arrow) 
from the bladder neck. (C) The tumor (arrow) in the prostatic urethra is 
well enhancing on contrast-enhanced Tl-weighted MR image 
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Fig. 4.8 Multifocal transitional cell carcinomas in the bladder and ureter 
in a 67-year-old man. Coronally reconstructed CT image shows a small 
tumor (arrowhead) in the bladder dome and concurrent transitional cell 
carcinoma (arrow) in the left upper ureter with hydronephrosis 


—| 


Fig. 4.9 Multifocal transitional cell carcinomas in the bladder and 
renal pelvis in a 76-year-old man. (A) Contrast-enhanced delayed CT 
image demonstrates polypoid tumors (arrows) in the bladder. (B and C) 
Contrast-enhanced (B) and delayed (C) CT images show irregular wall 
thickening (arrows) in the right renal pelvis representing concurrent 
transitional cell carcinoma 
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Fig. 4.10 Transurethral resection of transitional cell carcinoma in a 
56-year-old man. (A) Contrast-enhanced CT image demonstrates a 
broad-based tumor (arrow) in the right lateral wall of the bladder. 
(B) T2-weighted MR image, taken 5 days after transurethral resection 
of the tumor, shows focal wall thickening (arrowheads) in the right lat- 
eral wall of the bladder with perivesical fat stranding (arrow). Histologic 
examination of the radical cystectomy specimens showed only focal 
inflammation and edema in the perivesical fat 


Fig. 4.11 Transurethral resection of transitional cell carcinoma in a 
72-year-old man. (A) Contrast-enhanced CT image demonstrates a well 
enhancing, polypoid tumor (arrow) in the right lateral wall of the blad- 
der. (B) T2-weighted MR image, taken 15 days after transurethral 
resection of the tumor, shows neither residual wall thickening nor 
perivesical fat stranding 
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Fig. 4.12 Transitional cell carcinoma of the bladder in a 65-year-old  oncontrast-enhanced fat-suppressed T 1-weight MR image. (C) Diffusion- 
man. (A) T2-weighted MR image shows a large mass (arrowheads) of | weighted MR image shows the tumor with marked high signal intensity. 
intermediate signal intensity with invasion of the right ureteral orifice and (D) Map of apparent diffusion coefficient shows the tumor with low sig- 
dilatation of the right lower ureter (arrow). (B) The tumor enhances well nal intensity (A-D, Courtesy of Chan Kyo Kim, MD) 
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5. Transitional Cell Carcinoma of the Bladder: Perivesical Tumor Spread 


Fig. 5.1 Transitional cell carcinoma of the bladder with perivesical 
tumor extension in a 76-year-old man. Contrast-enhanced CT shows an 
infiltrating tumor (arrowheads) in the right anterior wall of the bladder 
with focal soft tissue attenuation (arrow) in the perivesical fat repre- 
senting perivesical tumor spread. Large hematoma (asterisk) is demon- 
strated as poorly enhancing, ill-defined soft tissue attenuation in the 
bladder 


Fig. 5.2 Transitional cell carcinoma of the bladder with perivesical 
tumor extension in a 70-year-old man. (A and B) Contrast-enhanced, 
axial (A) and coronally reconstructed CT (B) images shows a large ses- 
sile tumor in the left lateral wall of the bladder. The tumor has distinct 


perivesical invasion with irregular margin (arrowheads) 
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Fig Transitional cell carcinoma of the bladder with invasion of 
bilateral ureterovesical junctions in a 77-year-old man. (A) T2-weight 
MR image shows an ill-defined, large tumor (arrows) of intermediate 
signal intensity in the bladder base. (B) T2-weighted MR image in cor- 
onal plane demonstrates tumor invasions (arrows) at bilateral ureterove- 
sical junctions with dilatation of both ureters 


c Transitional cell carcinoma of the bladder with invasion of the 
prostate in a 56-year-old man. (A) T2-weighted MR image shows an 
ill-defined tumor (arrows) of intermediate signal intensity in the blad- 
der neck. (B and C) T2-weighted MR image (B) in sagittal plane and 
contrast-enhanced T1-weighted (C) MR image in coronal plane dem- 
onstrate the extent of the tumor, which involves the prostate (arrows) 
from the bladder neck 
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6. Squamous Cell Carcinoma of the Bladder 


a 


Fig.6.1 Squamous cell carcinoma of the urinary bladder in a 65-year- 
old woman. Contrast-enhanced CT image shows broad-based tumor 
masses in the left wall of the urinary bladder with perivesical spread and 
invasion of the sigmoid colon (arrow) 


Fig. 6.2 Squamous cell carcinoma of the urinary bladder in a 66-year- 
old man. Contrast-enhanced CT image shows diffuse thickening of the 


bladder wall on the left side with perivesical tumor spread and invasion 
of the left seminal vesicle (arrow) 


* 
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Fig. 6.3 Squamous cell carcinoma of the bladder in a 65-year-old man 
who also has squamous cell carcinoma of the kidney. (A) Contrast- 
enhanced CT image shows a large mass (arrows) in the posterior aspect 
of the bladder with invasion of the seminal vesicles and the anterior 
wall of the rectum. (B) Contrast-enhanced CT image of the kidney 
shows a large, low-attenuated, infiltrating tumor (white arrows) in the 
right kidney, which was proved to be a squamous cell carcinoma of the 
kidney. Also note necrotic lymph nodes (black arrow) in the retrocaval 
area 
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7. Adenocarcinoma of the Bladder 


Fig. 7.2 Adenocarcinoma of the bladder in a 65-year-old woman. 
Fig.7.1 Adenocarcinoma of the bladder in a 48-year-old man. (A and B) (A and B) Contrast-enhanced CT scans show a well-enhancing mass 
Contrast-enhanced CT images show a well-enhancing mass (arrow) arising in the right anterolateral wall of the bladder. Bladder contour is 
arising in the anterior wall of the bladder deformed, and there are irregularities in the outer margin of the bladder 
(arrows in A) indicating perivesical extension of the tumor. Note mot- 
tled calcifications (arrowheads in A) in the tumor 
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8. Other Tumors of the Bladder 


Fig. 8.2 Small cell carcinoma of the bladder in a 76-year-old woman. 
Contrast-enhanced CT image show a broad-based, polypoid mass (white 
arrow) in the right wall of the urinary bladder with extension into the 
perivesical fat (black arrow) 


Fig. 8.1 Primary lymphoma of the bladder in a 20-year-old man. 
(A) Contrast-enhanced CT images show a homogeneously enhancing, 
solid mass (arrow) in the posterior wall of the bladder. (B and C) Tumor 
(arrow) demonstrates intermediate signal intensity on T2-weighted (B) 
and T1-weighted (C) MR images 


Fig. 8.3 Small cell carcinoma of the bladder in a 70-year-old man. 
(A and B) Contrast-enhanced CT image shows a broad-based, large 
mass (arrows), which is not distinguishable from findings of other blad- 
der tumors, in the right posterolateral aspect of the bladder 
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Fig. 8.4 Paraganglioma of the bladder in a 33-year-old man. (A and B) 
Contrast-enhanced, axial (A) and coronally reconstructed CT (B) 
images show a highly enhancing mass (white arrow) in the anterior wall 
of the bladder. Note prominent vessels (black arrow in A) supplying the 
mass 
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Fig. 8.5 Hemangioma of the bladder in a 2-year-old girl. Contrast- 
enhanced CT image shows a soft-tissue mass (arrows) with relatively 
homogeneous enhancement in the anterior wall of the bladder. Note a 
small calcification (arrowhead) in the tumor 
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c Leiomyoma of the bladder in a41-year-old woman. (A) Contrast- intermediate signal intensity on T2-weighted (B) and T1-weighted 
enhanced CT image shows a smooth-margined, soft-tissue mass (arrow) (C) MR images, and shows strong enhancement on contrast-enhanced 
in the posterior wall of the bladder. (B-D) Tumor (arrow) demonstrates T1-weighted (D) MR image 
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Fig. 8.7 Embryonal rhabdomyosarcoma in a 5-year-old girl. (A) IVU soft-tissue mass with extensive necrosis. Bladder lumen (B) is displaced 
demonstrates a huge mass in the pelvic cavity with displacement of the anteriorly and partially filled with the tumor. The large size of the blad- 
distal ureters. (B) Contrast-enhanced CT image demonstrates a bulky, der mass in a young patient is a typical feature of rhabdomyosarcoma 
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Fig. 8.8 Neurofibroma of the bladder in a 25-year-old woman. (A) Trans- 
abdominal US shows a well-circumscribed mass (arrows) of homogeneous 
echogenicity between the bladder (B) and uterus (U). (B) Contrast- 
enhanced CT image shows a homogeneously enhancing tumor (arrow) 
in the left posterolateral aspect of the bladder. (C) Tumor (arrows) 


demonstrates slightly heterogeneous signal intensity on T2-weighted 
image. (D and E) Tumor (arrows), which is of homogeneous intermedi- 
ate signal intensity on T1-weighted MR image (D), shows slightly het- 
erogeneous enhancement on contrast-enhanced T1-weighted (E) image 
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Fig.8.9 Inverted papilloma of the bladder in a 62-year-old man. Contrast- 
enhanced CT image shows a polypoid, enhancing mass (arrow), which 
is a nonspecific imaging finding, in the posterior wall of the bladder 


Fig. 8.10 Inflammatory pseudotumor of the bladder in a 21-year-old 
woman. (A and B) Contrast-enhanced, axial (A) and coronally recon- 
structed CT (B) images show a well-enhancing mass (arrows) with sub- 
stantial extravesical component in the right anterolateral wall of the 
bladder 
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9. Metastasis and Direct Invasion to the Bladder 


4 


Fig.9.1 Isolated bladder metastasis from stomach cancer in a 49-year- 
old man who underwent total gastrectomy 4 years earlier. Contrast- 
enhanced CT image shows localized enhancing wall thickening (arrows) 
in the right and posterior wall of the urinary bladder 


F .3 Isolated bladder metastasis from rectal cancer in a 42-year- 
old man who underwent anteroposterior resection 1 year earlier. (A and B) 
Contrast-enhanced, axial (A) and coronally reconstructed CT (B) images 
show marked diffuse wall thickening (arrowheads) of the bladder with 
dilatation of both lower ureters (arrows in A) 


"ig. 9.2 Isolated bladder metastasis from mucinous adenocarcinoma 
ot the stomach in a 38-year-old man who underwent total gastrectomy 
3 years earlier. (A and B) Contrast-enhanced CT images show a soft- 
tissue mass (arrows) involving the posterior wall of the bladder and 
seminal vesicles. Note scattered calcifications in the tumor 


Illustrations 
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Fig. 9.4 Sigmoid colon cancer with direct invasion of the bladder in a 
74-year-old man. (A) Contrast-enhanced CT image shows focal wall 
thickening (white arrow), which is continuous with the adjacent wall 
thickening of the sigmoid colon. Note the circumferential wall thicken- 
ing (arrowheads) of the sigmoid colon and intraluminal stent (black 
arrow). (B) T2-weighted MR image in sagittal plane demonstrates focal 
extension (white arrows) of the sigmoid colon cancer (arrowheads) to 
the posterior wall of bladder and loss of fat plane (black arrows) 
between the bladder and sigmoid colon. Histologic examination of the 
partial cystectomy specimens revealed that sigmoid colon cancer 
invaded directly into the outer muscle layer of the bladder 


Fig. 9.5 Prostate cancer with direct invasion of the bladder in a 
75-year-old man. (A and B) T2-weighted MR images in axial (A) and 
coronal (B) planes show a large sessile mass (arrows) of intermediate 
signal intensity in the base of the bladder and prostate. Axial T2-weighted 
MR image demonstrates low signal intensity lesion (arrowheads in A) 
in the seminal vesicles. Cystoscopic biopsy revealed tumor extension 
into the bladder from prostate cancer 
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10. Tumors of the Urachus 


J 


Fig. 10.1 Urachal adenocarcinoma in a 41-year-old man. (A and B) Contrast-enhanced CT images show focal anterior wall thickening of the 
urinary bladder (arrow) with a small calcification (arrowhead in A) 


Fig. 10.2 Urachal adenocarcinoma in a 48-year-old man. (A and B) the course of the urachus. (C and D) Follow-up CT images after 
Consecutive images of contrast-enhanced CT from cranial to caudal 6 months show a polypoid mass (arrow) in the bladder dome with more 
direction demonstrate a small, elongated soft-tissue lesion (arrow) in endophytic growth 
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11. Bladder Stones 


11.2 Large bladder stones in a 74-year-old woman with neuro- 
genic bladder. Contrast-enhanced coronally reconstructed CT image 
shows large stones (black arrows) in the bladder. Note the triangular- 
shaped bladder with diffuse wall thickening (white arrows) and trabec- 
ulation (curved arrow) 


i 


Fig. 11.1 Multiple bladder stones in a 64-year-old man with prostatic 
hyperplasia. (A) Plain radiograph demonstrates two radiopaque, lamel- 
lated stones in the pelvic cavity. (B) Nonenhanced CT image shows two 
dense stones in the diffusely thickened bladder (arrows) resulting from 
bladder outlet obstruction by prostatic hyperplasia 
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Fig. 11.3 A small bladder stone migrated from the ureter in a 60-year- 
old man. (A) Nonenhanced CT image shows a small stone (arrow) in 
the right upper ureter. (B) Follow-up CT image after 1 week demon- 
strates a small stone (arrow), which migrated from the right ureter, on 
the posterior wall of the bladder 


Fig. 11.5 Bladder stones formed over suture material in a 49-year-old 
man who underwent partial cystectomy. Contrast-enhanced CT image 
shows irregular and nodular calcifications (arrows) on the focally 
thickened wall (arrowhead) of the bladder. Cystoscopy revealed that 
stones had formed over suture material along the resection margin of 
the bladder 


g. 11.4 Stone in bladder diverticulum in a 81-year-old man with 
severe prostatic hyperplasia. (A) Nonenhanced CT image shows a dense, 
nodular calcification (arrow) out of the posterior wall of the bladder and 
multiple diverticula (arrowheads) in the posterior aspect of the bladder. 
(B) Contrast-enhanced delayed CT image reveals that the stone is 
obscured in a diverticulum (black arrow) by contrast material. CT image 
also shows contrast-filled, multiple diverticula along the posterior wall 
of the bladder (arrowheads) with the enlarged prostate (white arrow) 
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12. Bladder Injury 


Fig. 12.1 Intraperitoneal rupture of the bladder in a 79-year-old man bladder (arrow in A), as well as low attenuated fluid collection in the 
who received blunt trauma on the lower abdomen. (A and B) Contrast- intraperitoneal space (asterisks). (C) Cystography image demonstrates 
enhanced CT images demonstrate focal defect at the anterior wall of the intraperitoneal leak of contrast material (arrows) 
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Fig. 12.2 Intraperitoneal rupture of the bladder in a 35-year-old 
woman who received blunt trauma on the lower abdomen. (A and B) 
Contrast-enhanced CT images through upper pelvis show low attenu- 
ated fluid collection in the intraperitoneal space (asterisks). (C) Coronally 
reconstructed CT image demonstrates focal defect (arrow) at the bladder 


dome, as well as urinary extravasation (curved arrow) through the 
defect of the bladder wall into the intraperitoneal space. (D) Cystography 
image shows intraperitoneal leak of contrast material (black arrows). 
Note intrauterine device in the pelvic cavity (white arrow) 


Illustrations 
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Fig. 12.3 Extraperitoneal rupture of the bladder in a 49-year-old 
woman who received trauma on the lower abdomen. (A) Cystography 
image shows contrast material extravasation limited to the right pelvic 
cavity (arrow). (B) Coronal CT cystography image demonstrates a 


large defect (arrow) at the right lateral of the bladder with contrast 
extravasation into the pelvic extraperitoneal space. (C) Axial CT cys- 
tography image shows the extravasated contrast material extending into 
the upper retroperitoneum (arrow) 
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Fig. 12.4 Complex extraperitoneal rupture of the bladder in a 43-year- 
old man who fell down. (A and B) Axial CT cystography images shows 
a large defect (curved arrows) at the anterior wall of the bladder (B) 
into the pelvic extraperitoneal space (white arrow). The extravasated 
contrast material also extends through diastasis of the symphysis pubis 


(arrowheads) into the anterior abdominal wall (black arrow). (C) 
Coronal CT cystography image demonstrates the extravasated contrast 
material extending into the scrotal cavity (black arrows) and the ante- 
rior abdominal wall (white arrows) 
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13. Fistulas of the Bladder 


Fig. 13.2 Enterovesical fistula in a 35-year-old woman with advanced 
uterine cervical carcinoma. (A and B) Contrast-enhanced CT images 
show a fistulous tract (white arrow) between the thickened ileal loop 
(black arrow) and adjacent wall thickening of the bladder (B) 


Fig. 13.1 Colovesical fistula in a 74-year-old-man with fecaluria and 
prior diverticulitis. (A) Contrast-enhanced CT image shows the site of 
fistulous communication (arrow) between sigmoid colon and bladder (B) 
Note diverticulosis (arrowheads) of the sigmoid colon. (B) Cystography 
image through the suprapubic cystostomy catheter demonstrates opaci- 
fication of the sigmoid colon (arrows) 
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Vesicovaginal fistula in a 10-year-old women. T2-weighted 
MR image in sagittal plane taken following the saline instillation into 
the bladder demonstrates a fistulous track (arrows) between the bladder 
neck and vagina, with the saline-filled vaginal cavity (asterisk) 
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Fig. 13.4 Vesicorectal fistula in a 60-year-old man who underwent 
low anterior resection due to rectal cancer. (A) T2-weighted MR image 
demonstrated a fistulous track (arrow) between the bladder and rectum. 
(B) Cystography image through the suprapubic cystostomy catheter 
shows opacification of the rectum (arrows) 
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14. Bladder Diverticulum 


Fig. 14.1 Hutch diverticulum of the bladder in a 2-year-old boy. 
Cystography image demonstrates a diverticulum (white arrow) adjacent 
to the left ureter with left vesicoureteral reflux (black arrow) 


Fig. 14.2 Multiple diverticula of the bladder in a 1-year-old boy. 
(A) IVU image shows the contrast material—filled bladder with a posi- 
tive filling defect (arrows) that displaces the left lower ureter medially. 
(B) Oblique cystography image demonstrates two large diverticula 
(D) at the posterior wall of the bladder (arrow). The contrast-filled 
bladder obscured the larger one on the anteroposterior projection image 
of the IVU 
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Fig. 14.3 Large and small diverticula of the bladder in a 75-year-old 
man. Cystography image shows a large diverticulum at the dome and a 
relatively smaller diverticulum at the left lateral wall. Note diffuse wall 
thickening (arrowheads) and elevated base (arrows) of the bladder due 
to the enlarged prostate 


Fig. 14.5 Transitional cell carcinoma arising in the bladder diverticu- 
lum in a 80-year-old man. (A) Contrast-enhanced CT image shows a 
narrow-necked (arrow), large diverticulum (asterisk) in the posterior 
pelvic cavity. (B) Contrast-enhanced CT image at lower level demon- 
strates a broad-based tumor (arrow) in the diverticulum with perivesical 
tumor extension (arrowhead) 


Fig. 14.4 Diverticulum of the bladder in a 72-year-old man with 
benign prostatic hyperplasia. Coronally reconstructed CT image shows 
a diverticulum (curved arrow) and diffuse wall thickening (arrowheads) 
of the bladder due to the hypertrophied prostate (black arrow). Note the 
dilatation of the right ureter (white arrow) due to vesicoureteral reflux 
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15. Cystocele 


Fig. 15.1 Cystocele in a 86-year-old female. (A) Coronally recon- level demonstrates that both ureters (arrows) are stretched below the 
structed CT image shows protruding perineal mass (arrows) containing symphysis pubis and proximally dilated (arrowheads) 
the bladder (B). (B) Coronally reconstructed CT image at posterior 
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Fig. 15.3 Complete eversion and prolapse of bladder in a 76-year-old 
female. (A) T2-weighted MR image in sagittal plane shows a protruding 
mass (white arrows) with peripheral heterogeneous high signal inten- 
sity representing the everted and prolapsed bladder (black curved 
arrows) in the external genital area. The omental fat (asterisk) is herni- 
ated into the center of the mass. The uterus (U) and vagina (white 
curved arrowheads) are also prolapsed, and the uterine cervix (black 
arrow) is exposed externally. (B) Color photograph shows the pro- 
lapsed, everted bladder (arrow), and the prolapsed vagina (arrowheads) 
containing the prolapsed uterus 


Fig. 15.2 Cystocele and vaginal prolapse in a 71-year-old female who 
underwent total hysterectomy. (A) Coronally reconstructed CT image 
shows protruding perineal mass (arrows) containing the bladder (B). 
(B) Sagittally reconstructed CT image demonstrates the protruding 
perineal mass (white arrows) containing the bladder (B) and vagina 
(black arrow) 
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16. Neurogenic Bladder 


Fig. 16.2 Neurogenic bladder in a 46-year-old man. Cystography 
image shows triangular-shaped bladder with its apex directing cranially 
and markedly increased trabeculation 


5.1 Neurogenic bladder in a 19-year-old man patient with spinal 
cord injury. (A) Bladder image of an IVU demonstrates a typical 
“Christmas-tree” appearance of the bladder. (B) Contrast-enhanced CT 
image shows the markedly thickened wall (arrow) of the bladder 


Fig. 16.3 Neurogenic bladder with vesicoureteral reflux in a 75-year- 
old woman. Coronally reconstructed CT image shows the bilaterally 
dilated ureters (arrows) due to vesicoureteral reflux and diffuse wall 
thickening of the bladder 
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Fig. 16.4 Neurogenic bladder in a 74-year-old woman. (A and B) (arrows) at the posterior wall of the bladder. (C) Color photography of 
Contrast-enhanced CT and coronally reconstructed CT images demon- the cystoscopy shows prominent trabeculation and diverticulum in the 
strate diffuse wall thickening of the bladder with multiple diverticula bladder 
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17. Postoperative Imaging of the Bladder 


Fig. 17.1 Drawings illustrate 

the four types of urinary A 
diversion. (A) Incontinent 

cutaneous ureterostomy. 

(B) Incontinent urinary 

diversion with ileal conduit. 

(C) Continent urinary diversion 

with cutaneous reservoir. 

(D) Continent urinary diversion 

with orthotopic neobladder 
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Fig. 17.2 A 56-year-old man who underwent radical cystectomy and 
incontinent urinary diversion with ileal conduit (Bricker procedure). (A) 
IVU image 3 months after surgery shows an altered left ureteral course 
crossing midline at the L5 vertebral level (arrowheads). Note that the 
ileal conduit loop (arrows) is in the right lower abdomen, in which the 
contrast material is filled. (B) Contrast-enhanced CT image 6 months 


after surgery shows the contrast-filled, cutaneous stoma (arrow) of the 
ileal conduit through the right anterior abdominal wall. (C and D) Serial 
contrast-enhanced CT images demonstrate the ureteroileal anastomoses 
(arrow) and the contrast-filled ileal loop. (E) Volume-rendered CT image 
shows normal postoperative changes with the ileal conduit loop (arrow- 
heads) and the left uretroileal anastomosis site (arrow) 


Illustrations 


Fig. 17.2 (continued) 
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Fig. 17.3 A 62-year-old woman who underwent radical cystectomy 
with ileal conduit (Bricker procedure). Coronally reconstructed CT 
image 18 months after surgery demonstrates dilatation of left upper ure- 
ter (arrowheads) and segmental narrowing (arrow) of left lower ureter 
near the ileal conduit loop (curved arrow) without evidence of obstruct- 
ing soft tissue mass. This patient was successfully treated by antegrade 
balloon dilatation 
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Fig. 17.4 A 62-year-old man who underwent radical cystectomy and wall. (B and C) Subsequent contrast-enhanced CT images at lower 
continent urinary diversion with cutaneous reservoir (Kock procedure). level demonstrate the contrast-filled, afferent ileal loop (arrow in B) 
(A) Contrast-enhanced CT image 6 years after surgery shows the effer- and the pouch (asterisk) with a somewhat bi-lobed configuration in the 
ent ileal loop (arrow) anastomosed to the lower anterior abdominal pelvic cavity 
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Fig. 17.5 A 61-year-old man who underwent radical cystectomy and 
continent urinary diversion with orthotopic neobladder (Studer proce- 
dure). (A) Cystography image following removal of the ureteral stent 
2 weeks after surgery shows the contrast-filled, orthotopic neobladder 
(arrowheads) in the lower pelvic cavity and the contrast-filled, afferent 
ileal loop (arrows) without reflux into the ureters. (B and C) Contrast- 
enhanced delayed CT images 2 weeks after surgery demonstrate the 


contrast-filled, lobulated neobladder (white arrow) and the residual 
mucosal folds (arrowheads). Note that irregular filling defects (black 
arrows in C) in the neobladder are retained mucus clots in the early 
postoperative period. (D) T2-weighted MR image in sagittal plane 
6 months after surgery shows the lobulated neobladder (black arrows), 
which is anastomosed to the native urethra (white arrow) 
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Fig. 17.6 A 34-year-old man who underwent radical cystectomy and cavity and the contrast-filled afferent ileal loop (arrows). (B) Maximum 
continent urinary diversion with orthotopic neobladder (Studer proce- intensity projection CT image well demonstrated the upper urinary tract 
dure). (A) Coronally reconstructed CT image 1 year after surgery dem- and the afferent ileal loop (arrows) without obstruction 

onstrated the oval-shaped neobladder (asterisk) in the lower pelvic 


Fig. 17.7 Pouch stones in a 59-year-old man who underwent radical cystectomy and continent urinary diversion with cutaneous reservoir (Indiana 
procedure). (A and B) Noncontrast CT images demonstrate multiple, dense stones (arrows) in the cutaneous reservoir (asterisk) 
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18. Miscellaneous Conditions of the Bladder 


Fig. 18.1 Intravesical hematoma mimicking bladder tumor in a (B) Contrast-enhanced CT image does not show remarkable contrast 
62-year-old woman. (A) Nonenhanced CT image shows a slightly high- | enhancement in the clot (arrow). (C) Contrast-enhanced delayed CT 
attenuated clot in the right posterior aspect of the bladder (arrow). image demonstrates the clot (arrow) as a filling defect 


17 Urinary Bladder 


rim of low signal intensity. (D) Contrast-enhanced T1 weighted MR 
(A) Contrast-enhanced delayed CT image demonstrates a low-attenuated images does not show remarkable contrast enhancement in the mass 
mass (arrow) with a high-attenuated, peripheral rim in the right lateral (arrow). Histologic examination of the partial cystectomy specimens 
wall of the bladder. (B and C) The mass (arrow) shows high signal inten- revealed intramural hematoma with granulation tissue 

sity on T2-weighted (B) and T1-weighted (C) MR images with peripheral 


Fig. 18.2 Intramural hematoma of the bladder in a 54-year-old man. 


patient positioning and the Valsalva maneuver demonstrates herniation 
image of the pelvis shows normal contour of the bladder without evi- of the bladder (asterisk) into the inguinal canal 
dence of herniation. (B) Longitudinal US image obtained by using erect 


Fig. 18.3 Bladder hernia in a 53-year-old man. (A) Transverse US 
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Fig. 18.4 Bladder hernia in a 70-year-old man. (A and B) Coronally and sagittally reconstructed CT images clearly demonstrate herniation of the 
bladder (asterisk) into the right scrotum 
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Fig. 18.5 Herniation of a bladder tumor in a 60-year-old man. (A) follow-up CT images taken 4 weeks later demonstrate the bladder 
Contrast-enhanced CT image shows a broad-based tumor (arrow) inthe tumor (arrow) entering into the left inguinal canal. Note the small cal- 
left anterolateral aspect of the bladder with a small calcification (arrow-  cification (arrowhead) in the tumor 

head). (B and C) No abnormality was revealed at cystoscopy, and 


Fig. 18.6 Foreign body granuloma mimicking invasive bladder tumor (B) Color photograph shows wood strips found in the mass during tran- 
in a 62-year-old man with a history of stab injury in the pelvis. surethral resection of the mass. Histologic examination of the speci- 
(A) Contrast-enhanced CT image shows a broad-based, soft tissue mass mens revealed granulation tissue with foreign body reaction 

(arrows) in the right wall of the bladder with perivesical extension. 
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Fig. 18.7 Endometriosis involving urinary bladder in a 46-year-old T1-weighted MR image in transverse plane shows that the mass (arrow- 
woman. (A) T2-weighted sagittal MR image shows a round low- heads) has high-intensity foci (arrow). (C) Cystoscopy shows a submu- 
intensity mass (arrow) between the urinary bladder and uterine cervix.  cosal mass with mucosal edema bulging into the bladder 

Note that the mass has mottled high-intensity foci. (B) Fat-suppressed 
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Chang Kyu Sung 


Urethral abnormalities are most commonly evaluated with 
conventional radiographic contrast studies including retro- 
grade urethrography (RGU) and voiding cystourethrography 
(VCU). They are excellent in evaluating luminal abnormali- 
ties of the urethra in patients with urethral abnormalities such 
as trauma, inflammation, stricture, or obstruction. With recent 
advances in technology, cross-sectional imaging techniques 
of ultrasonography (US), computed tomography (CT), and 
magnetic resonance imaging (MRI) have been utilized more 
often because they provide not only direct visualization of 
urethral abnormalities but also additional information about 
the periurethral tissues and adjacent organs. This chapter 
describes the normal anatomy of the urethra in men and 
women, as well as various urethral abnormalities including 
traumatic injuries, stricture and inflammation, stones, fistula, 
diverticulum, and tumors. 


Normal Anatomy of the Urethra 


The male urethra is divided into two portions, posterior and 
anterior, each of which is subdivided into two parts. The 
male posterior urethra extends from the bladder neck to the 
inferior aspect of the urogenital diaphragm and is divided 
into the prostatic and membranous urethras. The prostatic 
urethra is approximately 3.5 cm in length and traverses the 
anterior portion of the prostate. The membranous urethra is 
1-1.5 cm in length and passes through the urogenital dia- 
phragm. It is the narrowest part of the urethra, even during 
voiding. The verumontanum is a 1-cm-long oval protuberance 
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at the posterior wall of the prostatic urethra, and its distal end 
marks the beginning of the membranous urethra. The pros- 
tatic utricle is seen as a small indentation in the center of 
the verumontanum and the paired ejaculatory ducts enter the 
prostatic urethra slightly distal and lateral to the utricle. The 
prostatic glands drain into the prostatic urethra through mul- 
tiple small openings. 

The male anterior urethra extends from the inferior mar- 
gin of the urogenital diaphragm to the external meatus and is 
divided into bulbous and pendulous (or penile) portions. The 
bulbous part of the urethra runs through the bulb of the penis, 
where the urethra shows a fusiform dilatation. The pendu- 
lous urethra extends from the penoscrotal junction, passes 
through the corpus spongiosum, and ends at the external 
meatus. Penoscrotal junction, which is tethered superiorly by 
the suspensory ligament, can be identified by a mild angula- 
tion of the anterior urethra on urethrogram. Fossa navicularis 
is a 1-cm-long bulbous dilatation on the very distal pendu- 
lous urethra. Cowper’s glands are paired structures that lie 
within the urogenital diaphragm. Their ducts, often 4-5 cm 
long, enter the proximal bulbous urethra. Numerous, small 
periurethral glands of Littre open into the anterior urethra, 
and they are more numerous in the bulbous urethra. 

Various periurethral structures (e.g., Cowper’s ducts, gland 
of Littre, prostatic utricle, prostatic ducts) may be opacified 
normally during urethrography and are often associated with 
urethral inflammation or stricture. On urethrograms, normal 
indentations or narrowing may be seen in the male urethra. 
Incisura intermuscularis is an anterior indentation on the pos- 
terior urethra due to pressure from the urogenital diaphragm. 
Other indentations are caused by constrictor nudae muscle 
and Cobb’s collar. 

The female urethra is approximately 4 cm long, nearly 
equivalent to the length of the posterior urethra in the male. 
It passes downward and forward from the bladder neck to the 
urogenital diaphragm. On VCU, its width is variable and 
depends on the urine flow rate. During voiding, the distal 
segment dilates less. Skene’s glands are groups of periurethral 
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glands found around the lower end of the urethra. They drain 
into the urethra and near the urethral opening. 


Congenital Anomalies 
Posterior Urethral Valves 


Posterior urethral valves are the most common congenital 
anomalies of the male urethra and produce a moderate to severe 
outflow obstruction. There are three types of valves. Type I 
valves are the most common and consist of thin sheets of tissue 
extending from the distal verumontanum to the wall of the pro- 
static urethra. Type II valves are mucosal folds that extend from 
the verumontanum to the bladder neck. Although in the past 
these were considered to be true valves, it is now generally 
acknowledged that these are nonobstructive. Type III valves 
occur at the distal prostatic urethra in the form of a diaphragm 
or concentric ring with a central opening. Posterior urethral 
valves may be associated with vesicoureteral reflux, dilatation 
of the upper urinary tract, and hypertrophy of the bladder wall. 
VCU shows marked dilation of the posterior urethra proximal 
to the valves. The urethra distal to the valve is of normal caliber 
but may appear narrowed on VCU because of underfilling. It is 
continuous with the dilated portions along its posterior border. 


Anterior Urethral Valves 


Anterior urethral valves are obstructive mucosal flaps in the 
pendulous urethra. The urethra proximal to the valve may 
dilate significantly. Congenital diverticulum of the anterior 
urethra may also create outflow obstruction with proximal 
dilation by valve-like action of the distal lip of the diverticu- 
lum. Radiologically, it may be difficult to differentiate between 
anterior urethral valves and congenital diverticulum. 


Urethral Duplication 


There are variations and degrees of urethral duplication, 
including short blind-ending channel, accessory urethra join- 
ing the main urethra with or without a bladder opening, and 
complete urethral duplication. Whether one or both channels 
are opacified during VCU or RGU depends on the anatomy. 
Urethral duplication may accompany duplication of the blad- 
der or penis, or both. Penile deformity such as hypoplasia of 
the corpora may be associated. 


Epispadias and Hypospadias 


Epispadias is an anomaly of the dorsally located urethral 
meatus on the penile shaft with urethral shortening. It is usually 
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associated with bladder exstrophy. Isolated epispadia is a 
partial failure of fusion of the dorsal wall of the urethra, and 
the pubic bones are less separated than in exstrophy. In 
hypospadias, the urethral meatus is located anywhere along 
the ventral aspect of the penis proximal to the glans. 
A chordee, or fibrous band, causing downward curvature of 
the penis is frequently associated. 


Urethral Trauma 


Urethral trauma may be classified by mechanism of injury 
(blunt or penetrating injury) and by anatomical site of the 
injury (posterior or anterior urethral injury). Most urethral 
injuries result from blunt trauma caused, for example, by 
motor vehicle accidents, falls, or straddle injury. Blunt 
trauma is sometimes observed in the pendulous urethra in the 
setting of penile fracture. Penetrating trauma from gunshot 
or stab wounds in the area of the urethra is uncommon and 
more commonly affect the pendulous urethra. Iatrogenic 
injuries to the urethra from indwelling urethral catheters, 
traumatic urethral catheterization, radiation, and transure- 
thral surgery or procedure are not uncommon. Traumatic 
injury of female urethra is rare because of its shortness and 
mobility. 

Urethral injuries must be efficiently diagnosed and effec- 
tively treated to prevent subsequent long-term complications, 
including scarring, stricture formation, or incontinence. 
When urethral injuries are suspected, RGU should be per- 
formed immediately. A suprapubic catheter should be placed 
if major urethral injury is found. Blind urethral catheteriza- 
tion is contraindicated in patients suspected of having ure- 
thral injury because the catheter could be misplaced and may 
lead to further urethral injury. 

Posterior urethral injuries are located in the membranous 
and prostatic urethra and are classically associated with pel- 
vic fractures, whereas anterior urethral trauma usually arises 
secondary to urethral instrumentation or perineal straddle 
injury. Posterior urethral injury has been reported to occur in 
4-14% of patients with pelvic fracture. The prostatomem- 
branous junction in posterior urethra is the most likely area 
to be injured in fractures of the pelvis. Because of the relative 
differences in mobility of the membranous urethra and the 
prostate, tears of the prostatomembranous urethra are usually 
the result of shearing forces rather than direct penetration by 
bony spicules. In 1977, Colapinto and McCallum proposed 
three types of posterior urethral injury based on RGU pat- 
terns of extravasation. In type I injury, posterior urethra is 
stretched without extravasation of contrast materials. In type 
II, there is rupture of the urethra at the prostatomembranous 
junction above the urogenital diaphragm. On RGU, contrast 
extravasates above an intact urogenital diaphragm into the 
pelvic extraperitoneal space. In type III, the most common 
form of urethral injury, there is disruption of the urethra and 
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Table 1 Classification of blunt urethral trauma 


Type I Intact but stretched posterior urethra (Colapinto 


and McCallum type I) 

Partial or complete pure posterior injury with 
tear of membranous urethra above the 
urogenital diaphragm (Colapinto and 
McCallum type Il) 

On urethrography, contrast material extravasates 
into the pelvic extraperitoneal space 


Type HI 


Type Il Partial or complete combined anterior and 
posterior urethral injury with disruption of the 
urogenital diaphragm (Colapinto and 


McCallum type HI) 


On urethrography, contrast material extravasates 
into the perineum 


Type IV Bladder neck injury with extension into the 


urethra 


Type IVa Injury of the base of the bladder with periure- 
thral extravasation simulating a true type IV 
urethral injury 

Type V 


Modified from Goldman et al. 1997 


Partial or complete pure anterior urethral injury 


the urogenital diaphragm and contrast material extravasates 
not only into the pelvic extraperitoneal space but also into 
the perineum. Complete urethral rupture, which may occur 
in both type II and III injury, may cause dislocation of the 
bladder out of pelvis, which appears as “pie in the sky” on 
excretory urography. 

Although the Colapinto and McCallum classification 
scheme is described as classifying posterior urethral injuries, 
type II injury actually extends into the bulbous portion of the 
anterior urethra. Type II and II injuries may be associated 
with incontinence related to traumatic damage to the external 
sphincter. In 1997, Goldman et al. proposed a new unified 
classification system for urethral injuries following blunt 
trauma based on the anatomic location of the injury (Table 1). 
The new classification system modifies and extends the 
Colapinto and McCallum system (type I-III injuries) into five 
types, with the addition of bladder base injuries (type IV and 
IVa injuries) and anterior urethral injury (type V injury). The 
proposed classification categorizes blunt urethral trauma as 
I-posterior urethra intact but stretched (Colapinto and 
McCallum type J), Il-partial or complete pure posterior injury 
with tear of membranous urethra above the urogenital dia- 
phragm (Colapinto and McCallum type ID, I-partial or 
complete combined anterior/posterior urethral injury with 
disruption of the urogenital diaphragm (Colapinto and 
McCallum type HI), IV-bladder neck injury with extension 
into the urethra, [Va-injury of the base of the bladder with 
periurethral extravasation simulating a true type IV urethral 
injury and V-partial or complete pure anterior urethral injury. 

Bladder base injuries were believed to be of particular 
concern because the bladder neck is the site of the internal 
sphincter, which is the primary continence sphincter. Type IV 
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injuries are considered for surgical therapy because there is 
the potential for incontinence. Type [Va injuries may be man- 
aged nonsurgically with bladder catheter drainage only 
because the injuries do not extend into the bladder neck. 
However, type [Va urethral injuries are radiologically indis- 
tinguishable from true type IV injuries. 

Type V injury refers to the injury of the anterior urethra. 
The anterior urethra is much less commonly injured than 
posterior urethra. The usual mechanism of anterior urethral 
injury is a direct blow to the perineum such as straddle injury 
in which results in compression of the bulbous urethra 
between the object and the inferior margin of the pubis. 
Penile fracture or urethral instrumentation (any urethral sur- 
gery, cystoscopy, or indwelling bladder catheter) may also 
produce anterior urethral injury. Anterior urethral injury is 
often isolated and is not usually associated with pelvic frac- 
ture. Anterior urethral injuries may be classified as contu- 
sion, partial, or complete tear. Many urethral injuries have 
delayed manifestation, appearing years later as a urethral 
stricture, which is usually seen as a short, well-defined nar- 
rowing in middle or proximal bulbous urethra. 


Urethral Stricture and Inflammation 


Urethral stricture often results from traumatic or iatro- 
genic processes. Less common causes include inflam- 
matory or infectious, ischemic, malignant, or congenital 
causes. Urethral strictures may cause problems with urina- 
tion, severe discomfort secondary to urinary retention, or 
urinary tract infections. RGU is most commonly used to 
diagnose and define the extent and location of the stricture. 
Sonourethrography can be useful in evaluating not only the 
length of urethral strictures but also the extent of periure- 
thral fibrosis. Urethral strictures can be managed by periodic 
urethral dilatations, urethral stent, internal urethrotomy, or 
urethroplasy. 

Gonococcal urethritis remains a common etiology of the 
postinflammatory urethral stricture in certain high-risk popu- 
lations. It usually takes several years to develop urethral 
stricture following urethritis. The infection starts in the distal 
urethra and proceeds proximally into the bulb where the 
external urethral sphincter inhibits more proximal spread. In 
the late stages, fibrous scarring and stricturing may occur. 
Gonococcal urethritis is more commonly associated with 
complications such as urethral stricture, abscess, and fistula. 
Although posttraumatic stricture is usually short and focal, 
postinflammatory stricture tends to involve longer segments 
of the urethra. On urethrography, the postinflammatory stric- 
ture often has a beaded or irregular contour and is more com- 
monly seen in the bulbous than the pendulous urethra. In 
severe cases, the entire anterior urethra may become nar- 
rowed. Opacification of the periurethral glands as a result of 
patulous ostia may be present at urethrography. Periurethral 
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abscesses can be demonstrated as a penile cavitary lesion 
by US, CT and MRI. On MRI, inflamed urethral and periure- 
thral tissues are seen as diffuse thickening of the urethra wall 
with moderate enhancement on contrast-enhanced images. 
When it communicates with the urethra, urethrography dem- 
onstrates urethral pseudodiverticulum formation. If such 
abscesses are left untreated, they may result in urethro- 
perineal fistula. 

Chlamydia trachomatis is believed to be the most com- 
mon etiology of nongonococcal urethritis. Nongonococcal 
urethritis rarely causes urethral stricture, but it is uncertain 
because the possibility of a previous gonococcal infection 
can seldom be excluded. Condyloma acuminatum is a com- 
mon viral venereal disease, manifested by squamous papil- 
lomas occurring on the moist, mucocutaneous regions of the 
external genitalia and perineal and perianal regions. It can 
extend into the urethra. On urethrography, characteristic 
multiple intraurethral filling defects are more numerous in 
the anterior than in the posterior urethra. Generally, strictures 
and ulcerations are absent. 


Urethral Stones 


Most urethral stones are migrant stones that originated in the 
upper urinary tract or bladder. The stones can cause acute 
obstruction when the stone is large enough to become trapped 
at a point of urethral narrowing such as the membranous ure- 
thra or a urethral stricture. Rarely, primary formation of stones 
occurs in the urethra and is usually associated with chronic 
urine stasis, infection, stricture, or urethral diverticulum. In 
women, urethral stones may be seen in a urethral diverticu- 
lum. Native urethral stones typically do not cause acute symp- 
toms because they grow slowly. 


Urethral Fistula 


Urethral fistulas may be postinfectious, traumatic, surgical, 
or congenital. They may be blind or open into the skin, into 
adjacent hollow organs, or into another urethral segment. 
Urethrovaginal fistulas in the female are characterized by the 
opacification of the vagina during VCU. This cause of vagi- 
nal opacification must be distinguished from the reflux of 
contrast material into the vagina during contrast study, a 
common physiological phenomenon in young girls during 
voiding. Rectourethral fistulas are rare and often associated 
with complex anorectal abnormalities, surgery, irradiation, 
and perineal inflammatory diseases such as Crohn’s disease. 
Although urethrography is the initial study for the evaluation 
of urethral fistula, CT or MR imaging may be helpful in the 
diagnosis of fistula by direct visualization or demonstrating 
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secondary signs such as focal enhancement with loss of 
intervening fat planes. 


Urethral Diverticulum 


Urethral diverticulum is sometimes congenital, but most 
cases are acquired as a complication of infection or injury. It 
may result from rupture or fistulization of a pyogenic peri- 
urethral abscess into the urethra. Most occur in women and 
may be multiloculated or multiple, and contain stones. 
Benign or malignant tumors may arise from the lining. 
Urethral diverticula may have either a wide or narrow neck 
and are usually located posterolateral to the urethra. Urethral 
diverticula may surround the urethra (“‘saddle” diverticula). 
Urethral diverticula may opacify during VCU, and opacifica- 
tion may persist on the postvoid radiograph. However, some 
diverticula do not fill on VCU. Perineal or transvaginal US or 
MRI can be helpful in such cases. CT VCU, which are CT 
images obtained during voiding, is also helpful in the diag- 
nosis of urethral diverticulum by clearly demonstrating the 
opening in the urethra and the neck of the diverticulum. 


Urethral Tumors 
Urethral Polyp 


Most urethral polyps originate in the male posterior urethra 
and have a stalk attached to the verumontanum. They are usu- 
ally discovered at a young age and consist of a fibrovascular 
core covered by transitional cell epithelium. Urethrography 
demonstrates an elongated or oval filling defect in the poste- 
rior urethra. US may be used to differentiate a polyp from a 
urethral calculus or a clot. 


Urethral Carcinoma 


Squamous cell carcinoma is the most common malignant 
urethral tumor, usually developing in the anterior urethra in 
an area of pre-existing, postinflammatory urethral strictures. 
Transitional cell carcinoma tends to occur in the posterior 
urethra. Adenocarcinoma of the urethra is thought to origi- 
nate from either Cowper’s glands or the periurethral glands 
of Littre. 

Urethrography demonstrates filling defects or irregular 
strictures. However, because most cancers of the urethra 
develop at the site of inflammatory stricture, it is often diffi- 
cult to differentiate radiologically between urethral cancer 
and benign stricture. 


Introduction 
Urethral Metastasis 


Metastatic tumors to the urethra are uncommon. Transitional 
cell carcinoma of the bladder and adenocarcinoma of the 
prostate are the most common tumors to secondarily involve 
the urethra, by seeding or contiguous spread. Urethral metas- 
tases from distant malignancies also can occur. 
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1. Normal Urethra 
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Fig. 1.1 Normal urethra on RGU. (A) Normal RGU in a 33-year-old 
man. Verumontanum (black arrow) is seen as an ovoid filling defect in 
the prostatic urethra. Membranous urethra (arrowheads) is the narrow- 
est portion of the urethra, which is between the distal end of the veru- 
montanum and the conical end of the bulbous urethra. Note slight 
angulation of the urethra at penoscrotal junction (white arrow). The 
bladder neck (curved arrow) can be identified by jetting of contrast 
material into the bladder. (B and C) Normal RGUs in two other patients. 


RGUs demonstrate normal pendulous urethra (P), bulbous urethra (B), 
membranous urethra (arrowhead), and verumontanum (arrow) in the 
prostatic urethra. Note that slight indentation (open arrow) on the prox- 
imal bulbous urethra is a normal finding related to the constrictor nudae 
muscle, a musculotendinous sling of the bulbocavernosus muscle. The 
bladder neck (curved arrow) can be identified by jetting of contrast 
material into the bladder 
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F Normal RGU findings in a 42-year-old man. (A) The resis- (arrows). (B) Posterior urethra (arrowheads) can be demonstrated when 
tance of the external sphincter facilitates the opacification of the entire contrast material is injected with pressure enough to overcome the 
anterior urethra during retrograde injection of contrast material. Both resistance of the external sphincter 

oblique views of the urethra show normal cone of the bulbous urethra 


Normal urethra on VCU in a 15-year-old boy. On voiding 
study, prostatic and membranous portions of the urethra are dilated. 
Fossa navicularis is seen as a bulbous dilatation of the most distal part 
of the pendulous urethra (arrow) 


ig. 1.4 Normal urethra on VCU in a 5-year-old boy. On voiding 
study, posterior urethra is distended and the entire urethra has the 
appearance of a long tube 
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‘ig. 1.7 Ultrasound of normal male urethra after distension with ster- 
ile normal saline. Sonourethrography shows the lumen of anterior ure- 
thra (arrowheads). It can give additional information about the 
periurethral tissues. It is useful in identifying periurethral fibrosis 


Fig. 1.5 Normal female urethra on VCU in a 40-year-old woman. The 
female urethra is short and courses obliquely downward and forward 
from the bladder neck to the external urethral meatus (arrow). Proximal 
part of the urethra dilates in a fusiform shape during voiding 


Fig. 1.6 Normal female urethra on CT VCU in a 45-year-old woman. 
The entire urethra is well visualized on coronal reformatted CT VCU 
image. It courses obliquely forward and downward 
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2. Opacified Periurethral Structures During Urethrography 


Fig. 2.1 Opacification of Cowper’s gland duct. Retrograde urethro- 
gram obtained in a patient with bulbous urethral stricture (black arrow) 
shows the right Cowper’s gland duct (arrowhead). Opacification of 
Cowper’s gland ducts may also be seen normally. Note an anterior 
indentation (white arrow) of the bulbous urethra. It is a pseudostricture 
produced by contraction or spasm of the constrictor nudae muscle 
(extensions of the bulbocavernosus) 


Fig. 2.2 The utricle opacified during RGU. (A) RGU in a 34-year-old 
man shows opacification of the normal utricle (arrow), which opens in 
the center of the verumontanum. (B) RGU in a 43-year-old man shows 
opacification of prominent utricle (arrow) and its opening in the center 
of the verumontanum (open arrow) 
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Fig.2.3 Opacification of periurethral glands in a 33-year-old man with 
a history of nongonococcal urethritis. RGU shows opacification of peri- 
urethral glands (arrowheads) in the anterior urethra. Although this find- 
ing may be seen normally, it usually suggests the presence of 
inflammation of the urethra 
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Fig. 2.5 Urethrovenous intravasation during RGU in a 32-year-old 
man with straddle injury to the bulbous urethra. Posterior urethra is not 
opacified. A small amount of extravasation into periurethral tissue is 
seen (black arrow). The transurethrally injected contrast material opac- 
ify the draining veins (white arrows) around penile root, which may 
drain into internal pudendal veins 


Fig. 2.4 Opacification of corpus spongiosum and penile veins during 
RGU in a 50-year-old man with stricture of the posterior urethra. RGU 
shows stricture of the membranous urethra (black arrow) and opacifica- 
tion of the corpus spongiosum (S). Note intravasation of contrast mate- 
rial into the penile veins (white arrows) 


Fig. 2.6 Opacification of the Cowper’s gland and prostatic ducts in a 
44-year-old man with posttraumatic urethral stricture. Contrast material 
was introduced into the urinary bladder through suprapubic cystostomy, 
and RGU was performed with the patient straining. The urethra is dis- 
continuous at the bulbous portion (white arrow) and contrast material is 
refluxed into the prostatic ducts (black arrow) and Cowper’s gland duct 
(arrowheads). Note bilateral vesicoureteral reflux, diffuse narrowing of 
the pendulous urethra, and a saccular diverticulum (curved arrow) on 
the ventral aspect of the pendulous urethra 
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Fig. 2.7 Opacification of the seminal vesicles during RGU in a 
65-year-old man who underwent laser prostatectomy for benign pros- 
tatic hyperplasia (BPH). Note narrowing and elongation of the prostatic 
urethra and elevated base of the bladder (arrowheads) due to enlarged 
prostate. Note opacification of the seminal vesicles (arrows) 
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Fig. 2.8 Opacification of the seminal vesicles, prostatic ducts, and vas 
deferens during RGU in a 70-year-old man who have history of prostate 
surgery for BPH. Anteroposterior (A) and left anterior oblique (B) 
RGU show a severe stricture at proximal prostatic urethra and opacifi- 
cation of the prostatic ducts (white arrows), seminal vesicles (black 
arrows), and vas deferens (arrowheads) 
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3. Urethral Trauma 


Fig. 3.2 Anterior urethral injury caused by perineal crush or straddle- 
type injury in a 76-year-old man. RGU demonstrates complete disrup- 
tion of the proximal bulbous urethra with extensive extravasation of 
contrast material. The findings indicate type V urethral injury, which 
describes blunt urethral traumas that are isolated to the anterior urethra 


Fig.3.1 Minor rupture of the urethra due to straddle injury in a 25-year-old 
man. (A) RGU shows leak of a small amount of contrast material in the 
bulbous urethra (arrows). Also note opacification of Cowper’s gland ducts 
(arrowheads). (B) Follow-up RGU obtained 2 weeks later with conserva- 
tive management shows normalized urethra 
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Fig. 3.3 Complete urethral rupture in a 32-year-old man following a 
traffic accident. (A and B) RGU demonstrates a type III urethral injury. 
Contrast material extravasates not only into the pelvic extraperitoneal 
space but also into the perineum (above and below the urogenital dia- 
phragm). The prostatic urethra is not opacified. Urinary bladder is 


opacified by the excreted contrast material after CT scanning. 
(C) Follow-up urethrogram demonstrates mild luminal irregularities 
without significant luminal narrowing or extravasation of contrast mate- 
rial. Posterior urethra and urinary bladder are normal in appearance 
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5 Urethral injury during Miles’ operation for rectal cancer in a 
36- -year-old man. Pericatheter RGU shows leak of contrast material into 
the perineum (asterisks) by urethral injury during surgery. Note a cath- 
eter for RGU (arrowheads), which is inserted alongside the bladder 
catheter (arrows) 


< 


i Urethral injury associated with pelvic bone fractures follow- 
ing traffic accident in a 60-year-old man. (A) The bladder is opacified 
using the indwelling urethral catheter. Cystography shows slightly high 
position of the urinary bladder without evidence of bladder injury. 
Extravasation of the contrast material is seen around symphysis pubis. 
Note fractures in bilateral inferior pubic rami (arrows). (B) CT scans 
obtained immediately after contrast study at initial presentation shows 
extensive extravasation of contrast material into pelvic extraperitoneal 
space. The balloon of Foley catheter is seen in the collapsed urinary 
bladder (arrows). (C) Note the fractures (arrows) in inferior pubic rami 
and extravasated contrast material into perineum 
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4. Inflammatory Diseases of the Urethra 


Fig. 4.2 Condylomata acuminata involving urethra in a 34-year-old 
man. RGU shows multiple, small nodularities in the pendulous and bul- 
bous urethras (arrowheads) 


Fig. 4.1 Urethral stricture in a 60-year-old man with a history of 
syphilis. (A) RGU shows diffuse narrowing of the anterior urethra. 
Note opacified periurethral glands (arrowheads) in the pendulous ure- 
thra. (B) Arch aortography shows multiple saccular aneurysms in the 
descending thoracic aorta. It was also associated with syphilis 
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Fig. 4.3 Pseudodiverticulum associated with periurethral abscess ina urethra. Pseudodiverticulum formation results from urethral communi- 
52-year-old man. (A) RGU shows opacification of an irregular periure- cation with a periurethral abscess. (B) The size of the pseudodiverticu- 
thral cavity (arrow) originating from the ventral aspect of the pendulous lum is markedly decreased in size on 1-year follow-up study 
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5. Urethral Stricture 


Urethral stricture in a 32-year-old man who received a strad- 
dle injury 5 years earlier. RGU shows focal eccentric stricture in distal 
bulbous urethra (arrow) 


Urethral stricture following a straddle injury in a 42-year-old 
man. RGU performed 2 months after trauma shows a tight stricture in 
the proximal bulbous urethra (arrow) 


Urethral stricture associated with a long-term indwelling of 
Foley catheter. (A) RGU shows a short segmental urethral stricture at 
the penoscrotal junction (arrows). (B) RGU in a different patient shows 
a focal stricture in distal bulbous urethra near the penoscrotal junction 
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Fig.5.4 Anterior urethral stricture caused by iatrogenic urethral injury urethra (arrows). (B and C) RGU in two other patients shows a focal 
associated with transurethral resection of the prostate. (A) RGU shows stricture in the pendulous urethra (arrows) 
multiple, focal and diffuse stricture in the pendulous and distal bulbous 
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».5 Urethral obstruction in a 28-year-old man who received a motor 
cycle accident 10 years earlier. (A) Urinary bladder was filled with contrast 
material through suprapubic cystostomy and RGU was performed with the 
patient straining. There is a discontinuity in the short segment of the mem- 
branous urethra (arrow). RGU combined with voiding cystourethrogram 
(VCUG) image demonstrates proximal and distal extent of stricture. 
(B) Pericatheter RGU performed 3 weeks after surgery shows reconstructed 
urethra without leak of contrast material. (C) Follow-up RGU performed 
4 months after surgery shows normal appearance of the urethra 
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Insertion of a Foley catheter under fluoroscopic guidance in a 
71-year-old man. (A) There was a difficulty in insertion of a bladder 
catheter, and RGU was performed. RGU shows obstruction of the ure- 
thra in bulbomembranous junction (arrow) and leak of contrast material 
(arrowheads). (B) A floppy guidewire was inserted into the bladder 
under fluoroscopic guidance. (C) A bladder catheter could be inserted 
easily over the guidewire 


808 18 Urethral Diseases 


6. Urethral Stone 


Fig. 6.1 Urethral stone in a 55-year-old man with renal stone disease. demonstrates a stone located in the membranous portion of the urethra 
(A) Plain radiograph shows a round calcification (white arrow) just (arrow). (C) Urethroscopy confirms a urethral stone at the membrano- 
below the symphysis pubis. Another stone is seen at the area of the prostatic urethra (arrowheads) 

renal pelvis of the right kidney (black arrow). (B) Noncontrast CT scan 
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3 Urethral stone in a 47-year-old man with a urethral stricture. 
(A) Plain radiograph shows a calcification (arrow) below the symphysis 


Fig. 6.2 Urethral stone in a 58-year-old man with a urethral stricture. pubis. (B) RGU shows a stone (arrow) proximal to a stricture (arrow- 
(A) Plain radiograph shows a round calcification (arrow) below the heads) in the proximal bulbous urethra 


symphysis pubis. (B) RGU reveals a focal concentric stricture (white 
arrow) in the pendulous urethra and filling defects (arrowheads) in the 
urethra just proximal to the stricture. Note concentric narrowing in 
proximal bulbous urethra (open arrows), which is a normal finding 
called Cobb’s collar 
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Fig. 6.4 Urethral stone in a 60-year-old man with symptoms of acute proximal to the cone of proximal bulbous urethra. The stone is located 
urinary retention. (A) Plain radiograph shows a small calcification in the membranous urethra 
(arrow) below the symphysis pubis. (B) RGU shows a stone (arrow) 


Illustrations 


7. Urethral Fistula 


Fig. 7.1 Urethral injury with urethrocutaneous fistula that 
occurred following Miles’ operation for rectal cancer in a 
57-year-old man. RGU shows leak of contrast material from the 
posterior urethra with opacification of wide fistulous tract (arrows) 
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Fig. 7.2 Rectourethral fistula in a 38-year-old man who has history of 
pelvic bone surgery, cystolitholapaxy, and urethral anastomosis due to 
traffic accident. (A) Axial CT scan demonstrates a small urethral stone 
(arrow). (B) Axial CT image obtained during retrograde injection of 
contrast material into the urethra shows leakage of contrast material 
from the membranoprostatic urethra at 5 o’clock direction (arrowheads). 


(C) Sagittal reformatted image shows a fistulous tract (arrow) between 
membranous urethra and rectum. Note a cavity (arrowhead) in prostatic 
urethra that was the space of the prostatic urethral stones, which were 
removed by previous surgery. (D) RGU shows the simultaneous opacifi- 
cation of rectum (arrows) and the cavity (arrowhead) in the prostatic 
urethra 
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8. Urethral Diverticulum 


Fig. 8.1 Urethral diverticulum in a 42-year-old man with history of oblique RGU shows the neck of the diverticulum (arrows) connected to 
meningomyelocele. (A) Left anterior oblique RGU shows a large diver- the dorsal side of pendulous urethra near the penoscrotal junction 
ticulum (arrow) connected to the anterior urethra. (B) Right anterior 
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Fig. 8.2 Urethral diverticulum containing multiple stones in a 52-year- 
old woman. (A) Resting phase of VCUG image shows multiple small 
radiopaque stones (arrow) below the symphysis pubis. (B) Voiding 
phase of VCUG shows contrast material filling the urethral diverticu- 
lum (arrow). (C) Noncontrast axial CT image shows multiple small 


stones posterior to urethra. (D) Three-dimensional reformatted CT 
VCUG image shows a diverticulum posterior to the distal urethra. 
Small ostium (arrow) is identified at 6 o’clock position relative to 
lumen of distal urethra 
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l Urethral diverticulum in a 39-year-old woman who presented partially filled with contrast medium. The ostium of the diverticulum is 
with dysuria. (A) Contrast-enhanced CT scan of the pelvis reveals a suspected at the right posterolateral aspect of the urethra (thin arrow). 
periurethral low-attenuation area (arrows). (B) CT image obtained dur- (C and D) Sagittal (C) and 3D (D) reformatted CT VCUG images show 
ing voiding shows the urethral lumen (arrow) filled with contrast mate- an ostium (arrows) connecting the diverticulum to the urethra 

rial and urethral diverticulum (arrowheads), the lumen of which is 
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Fig. 8.4 Urethral diverticulum in a 47-year-old woman who presented 
with recurrent urinary tract infections. (A) Axial contrast-enhanced CT 
scan shows a fluid-filled diverticular sac (asterisk) completely surround- 
ing the urethra (arrow). Thin septations are seen (arrowheads). 
(B) Axial T2-weighted MR image shows high signal intensity, fluid-filled 


diverticulum (asterisk) encircling the urethra on all sides. (C and D) 
Axial unenhanced (C) and gadolinium-enhanced (D) T1-weighted MR 
images show enhancement of urethral tissues (arrow) and posterior sep- 
tation (arrowheads) of diverticulum (asterisk) 


Illustrations 


9. Urethral Tumors 
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Urethral adenoma in a 45-year-old woman who presented 
with voiding difficulty. (A) Transvaginal sonography shows a well- 
defined, round, echogenic mass (arrows) encircling proximal urethra. It 
resembles the appearance of the prostate. (B and C) T2-weighted axial 
(B) and sagittal (C) images show a well-defined, hyperintense mass 


(arrows) that encircle the entire proximal urethra (thin arrow). Note the 
intact vaginal wall (arrowheads) posterior to the mass. (D and E) Pre- 
and post-contrast Tl-weighted sagittal images reveal marked enhance- 
ment of the mass similar to the myometrium 
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2 Papillary transitional cell carcinoma of the urethra with inva- 
sion of the corpus cavernosum in a 77-year-old man. (A) US of the 
urethra in transverse plane shows a round, solid, echogenic mass 
(arrows) in the penile shaft. Note focal obliteration of normal hypoechoic 
wall of the urethra where the mass arises (arrowheads). White arrow 
indicates Foley catheter in the urethral lumen. (B and C) Contrast- 
enhanced CT scans show low-attenuated mass (arrow) in the penile 
shaft. Also note ill-defined, low-attenuated lesions in the right corpus 
cavernosum (arrowheads) 
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9.3 Transitional cell carcinoma of the urethra in a 73-year-old man 
who presented with progressive voiding difficulty and anuria. (A and B) 
T2-weighted sagittal (A) and axial (B) images show a well-defined, 
elongated mass (arrows) with slightly high signal intensity involving 
bulbopendulous urethra. (C and D) Pre- and post-contrast T1-weighted 


axial images shows a well-defined penile mass (arrowheads) with 
slightly high signal intensity and mild enhancement. (E and F) Post- 
contrast Tl1-weighted sagittal images shows a urethral mass (arrows) 
with dilated posterior urethra (arrowheads). There was no involvement 
of corpus spongiosum on histopathologic examination 
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3 (continued) 


9.4 Squamous cell carcinoma of the urethra in a 79-year-old woman.  nonenhancing central necrosis on contrast-enhanced T1-weighted image. 
(A and B) T2-weighted (A) and contrast-enhanced T1-weighted (B) MR Also note a mass in the rectum (black arrow), which was found to be a 
images show a large, soft-tissue mass involving the urethra (white metastatic squamous cell carcinoma 
arrows). The mass has slightly high intensity on T2-weighted image and 
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Fig. 9.5 Adenocarcinoma of the urethra in a 56-year-old woman who 
presented with anuria. (A) Contrast-enhanced CT scan shows a hetero- 
geneous enhancing mass (arrowheads) around the bladder neck. Poorly 
enhancing area (arrow) in the mass may represent intratumoral necro- 
sis. (B and C) T2-weighted (B) and contrast-enhanced Tl-weighted 


(C) sagittal MR images show a large, soft-tissue mass (arrow) involv- 
ing the proximal urethra (arrows). The mass has poorly defined margin, 
slightly high T2-signal intensity, and nonenhancing portions within 
tumor. Anterior vaginal wall is not delineated and seems to be invaded 
by tumor 
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ig. 9.6 Cancer associated with urethral diverticulum in a 40-year-old 
woman who presented with gross hematuria. (A and B) T2-weighted 
axial (A) and fat-suppressed coronal (B) images show a soft tissue mass 
(arrow) in the right side of urethral diverticulum with midline crossing. 
The tumor seems to arise from right anterior wall of the diverticulum 
and has intermediate signal intensity comparable to myometrium. 


(C and D) Pre- and post-contrast T1-weighted axial images show mod- 
erate enhancement of the tumor. Note the area of Tl hyperintensity 
(arrows) in the dependent portion of a urethral diverticulum. It repre- 
sents hemorrhage within the urethral diverticulum. Transvaginal 
sonoguided biopsy revealed poorly differentiated carcinoma 


Prostate 


19 


Introduction 


Chan Kyo Kim and Jeong Yeon Cho 


The major advances that have improved our understanding 
of prostatic disease are a significant revision of prostatic 
anatomy, the development of serum assays for prostate- 
specific antigen (PSA), and an improvement in various imag- 
ing modalities, with the greatest advances seen in the field of 
magnetic resonance (MR) imaging. 

MR imaging provides unique information on tissue char- 
acteristics as well as anatomical information. It consists of a 
combination of standard Tl-weighted and T2-weighted 
imaging, and functional imaging modalities such as dynamic 
contrast-enhanced (DCED), diffusion-weighted (DWI), and 
MR spectroscopic imaging (MRSI). In patients with prostate 
cancer, the role of MR imaging includes detection, localiza- 
tion, staging, determination of cancer aggressiveness, post- 
treatment follow-up, monitoring the therapeutic effects after 
therapy, and guiding targeted biopsy in patients with previ- 
ously negative biopsy results. 


Overview of Prostate Anatomy 


The normal adult prostate weighs 18 g and measures 4 cm in 
width, 3 cm in length, and 2 cm in depth. It is traversed by 
the prostate urethra. The walnut-shaped prostate is consid- 
ered to have anterior, posterior, and lateral surfaces, with a 
narrowed apex inferiorly and a broad base superiorly that is 
continuous with the base of the bladder. It is enclosed by a 
capsule composed of collagen, elastin, and abundant smooth 
muscle. The posterolateral surface of the capsule has an aver- 
age thickness of 0.5 mm. Microscopic bands of smooth muscle 
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extend from the posterior surface of the capsule to fuse with 
Denonvilliers’ fascia. Loose fatty tissue makes a thin plane 
between Denonvilliers’ fascia and the rectum. On the ante- 
rior and anterolateral surface of the prostate, the capsule 
blends with the visceral continuation of endopelvic fascia. 
Toward the apex, the puboprostate ligaments extend anteri- 
orly to fix the prostate to the pubic bone. The superficial 
branch of the dorsal vein lies outside this fascia in the retro- 
pubic fat and pierces it to drain into the dorsal vein complex. 
The apex of the prostate with no intervening fibromuscular 
stroma or capsule is continuous with the striated urethral 
sphincter. At the base of the prostate, outer longitudinal 
fibers of the detrusor fuse and blend with the fibromuscular 
tissue of the capsule. The arterial supply to the prostate arises 
most commonly from the inferior vesical artery. The prostate 
artery is divided into two main branches: the urethral and the 
capsular artery. The bulk of capsular artery runs posterolat- 
eral to the prostate with the cavernous nerves (neurovascular 
bundles). Venous drainage of the prostate is abundant through 
the periprostatic plexus, moving into the Santorini’s plexus 
and eventually into the internal iliac vein. Lymphatic drain- 
age is primarily to the obturator and internal iliac nodes. 
A small portion of drainage may initially pass through the 
presacral group, or less commonly, the external iliac nodes. 
Sympathetic and parasympathetic innervation from the pel- 
vic plexus travels to the prostate through the cavernous 
nerves. The cavernous nerves run posterolateral to the pros- 
tate within the substance of the parietal pelvic fascia (lateral 
prostatic fascia). Nerves follow branches of the capsular 
artery to ramify in the glandular and stromal elements. 

The prostate is composed of approximately 70% glandu- 
lar elements and 30% fibromuscular stroma. For the ana- 
tomic division of the prostate, McNeal’s zonal concept that 
the glandular elements of the prostate have been divided into 
discrete zones, distinguished by the location of their ducts in 
the urethra, by their differing pathologic lesions, and, in 
some cases, by their embryologic origin, has been thoroughly 
accepted. The prostate is composed of four glandular zones 
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(peripheral, central, transition, and periurethral) and a 
nonglandular region (anterior fibromuscular stroma). 

The peripheral zone (PZ) constitutes 70% of prostatic 
glandular tissue and is located at the posterior, lateral, and 
apical aspects of the gland. Its ducts drain into the prostatic 
sinus along the entire length of the (postsphincteric) prostate 
urethra. Seventy percent of prostate cancers arise in this 
zone, which is most affected by chronic prostatitis. 

The central zone (CZ) constitutes 25% of prostate glandu- 
lar tissue in the young adult and expands in a cone shape 
around the ejaculatory ducts to the base of the bladder. Only 
1-5% of prostate cancers arise in this zone. 

The transition zone (TZ) accounts for about 5-10% of 
prostate glandular tissue. It is located on both sides of the 
prostate urethra and ends at the verumontanum; at the angle 
dividing the preprostatic and prostate urethra, the ducts of 
the TZ arise and pass beneath the preprostatic sphincter to 
travel on its lateral and posterior sides. In this zone, benign 
prostatic hyperplasia (BPH) arises most commonly and, 
additionally, approximately 20% of prostate cancers develop. 
The anterior fibromuscular stroma, which runs anteriorly 
from the bladder neck to the striated urinary sphincter, is 
rarely a site for the origin of prostate cancer. As opposed to 
this zonal anatomy, clinical classification of the prostate 
divides the gland into two palpable lateral lobes separated by 
a central sulcus and one nonpalpable median lobe that may 
project into the bladder in older men. 

The term central gland is often used to refer to the com- 
bination of the CZ and TZ because those zones usually could 
not be separated from each other on either transrectal ultra- 
sonography (US) or MR imaging. 


Transrectal Ultrasonography of the Prostate 


Transrectal US is a useful imaging modality of the prostate. 
Transrectal US with state-of-the-art transducers has the capa- 
bility to demonstrate the zonal anatomy of the prostate, sem- 
inal vesicles, the ejaculatory ducts, and urethra. Using 
transrectal US, the prostate gland can be evaluated for focal 
lesions, BPH, or cancer. 

Transrectal US provides good-quality images of the pros- 
tate gland because a high-frequency (5-7.5 MHz) probe can 
be placed in the rectum close to the prostate. On transrec- 
tal US, the PZ is homogeneously isoechoic or hyperechoic. 
The CZ and PZ cannot be distinguished on US. The TZ is 
hypoechoic surrounding the urethra. Its echogenicity may 
become heterogeneous with aging. The anterior fibromus- 
cular stroma is usually hypoechoic. The periprostatic area 
is hyperechoic due to abundant fatty tissues. The capsule 
reveals a hyperechoic band between the prostate and adja- 
cent fatty tissues. Santorini’s venous plexus is defined as 
venous plexus on ventral and lateral prostatic surfaces. 
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The seminal vesicle and vas deferens are symmetrical and 
hypoechoic with a thin wall. The normal ejaculatory ducts 
reveal symmetrically hypoechoic structures with nonvisible 
lumen on transrectal US. 

Transrectal US can also determine glandular volume 
accurately. Determination of prostate volume is an important 
factor in computing PSA density (serum PSA level in ng/ 
mL divided by the volume of the prostate in cubic centime- 
ters). Several formulas have been used, the most common of 
which is for a prolate ellipsoid, which requires measurement 
of three prostate dimensions. Dimensions are first deter- 
mined in the axial plane by measuring the transverse and 
anteroposterior dimension at the estimated point of widest 
transverse dimension. The longitudinal dimension is mea- 
sured in the sagittal plane just off the midline because the 
bladder neck often obscures the cephalad extent of the gland. 
The ellipsoid volume formula is then applied, as follows: 
volume=heightx width x lengthx0.52. Because the specific 
gravity of prostatic tissue is nearly the same as for water, 
volume is roughly equivalent to prostate weight. 

Transrectal US is the essential imaging tool for prostate 
biopsy guidance. When prostate cancer is suspected (based 
on elevated PSA or abnormal digital rectal examination 
[DRE] findings), the diagnostic test of choice is a systematic 
needle biopsy with US guidance. Before biopsy, the patient 
is prepped with an enema and antibiotics (quinolone ana- 
logs). With the patient in the decubitus position, the transrec- 
tal US probe is placed in the rectum, the prostate and seminal 
vesicles are visualized, and the images are recorded in trans- 
verse and sagittal planes. A needle guide is used to system- 
atically obtain 18-gauge cutting-needle biopsy cores from all 
parts of the prostate by using a spring-loaded handheld 
biopsy gun. Each specimen is identified and labeled accord- 
ing to its location and sent for pathologic interpretation. 
From these labeled cores, biopsy “maps” are created that 
reflect the locations in the involved prostate. Even with such 
systematic sampling, a false negative of the extent of prostate 
cancer can occur with transrectal US-guided biopsy. Cores 
are typically obtained from six areas, or sextants, of the PZ: 
left and right apex, left and right mid-gland, and left and 
right base. In addition, cores should be obtained from any 
sonographically suspicious (e.g., hypoechoic) areas. To min- 
imize the need for repeat biopsy sessions, many physicians 
obtain more cores the first time. There is growing evidence 
that 10 or 12 cores obtained from the medial and lateral apex, 
middle and base PZs (the medial aspect of the PZ seems to 
yield the least) of each side increases the sensitivity (15-30% 
more cancers detected). Biopsies become increasingly pain- 
ful after six to eight samples, so many urologists and radiolo- 
gists inject a local anesthetic (1% lidocaine without 
epinephrine) around the nerves laterally (5 and 7 o*clock) at 
the junction of the seminal vesicles and base of the prostate 
and wait 10 min before obtaining samples. Separate samples 
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of the anterior prostate (or TZ) are usually not obtained 
unless previous biopsy sessions have failed to find a sus- 
pected cancer (e.g., in a patient with a high PSA level, abnor- 
mal findings at DRE, and multiple negative PZ biopsy 
specimens), or imaging with transrectal US or MR suggests 
an anterior cancer. 


Magnetic Resonance Imaging of the Prostate 


MR imaging is a powerful method to image the prostate with 
high spatial resolution, which provides excellent soft tissue 
contrast. MR imaging is a valuable method for the detection 
of cancer, evaluation of extracapsular extension of cancer, 
and treatment follow-up. To evaluate the prostate adequately, 
both T1- and T2-weighted spin-echo sequences are basically 
required. At present, optimal MR imaging of prostate cancer 
for detection and local staging requires the use of an endorec- 
tal coil in conjunction with a pelvic phased-array coil on 
mid- to high field-strength magnet. T2-weighted fast spin- 
echo imaging is optimal for clearly depicting the anatomy of 
the prostate because the prostate reveals uniform intermedi- 
ate signal intensity at Tl-weighted imaging. T1-weighted 
imaging can be helpful in detecting postbiopsy hemorrhage 
or assessing bony or nodal metastasis from prostate cancer. 
On T2-weighted imaging, the normal PZ reveals high signal 
intensity because of its high fluid content, whereas the TZ 
and CZs demonstrate low signal intensity because of com- 
pactly arranged smooth muscle and loose glandular tissue. 
The anterior fibromuscular stroma has low signal intensity 
because it is composed mainly of fibromuscular stroma. 

To date, T2-weighted imaging has been widely used for 
pre- or post-treatment work-up of prostate cancer, but its 
accuracy for the detection and localization of prostate cancer 
is limited. Thus, recently, various other techniques such as 
DCEL DWI, or MRSI have been used on T2-weighted imag- 
ing to improve the utility of MR imaging for cancer 
evaluation. 


Prostate Cancer 


Despite recent improvements in detection and treatment, 
prostate cancer continues to be the most common malig- 
nancy and one of the leading causes of cancer-related mortal- 
ity in American men. In 2009, the American Cancer Society 
estimated that 192,280 new cases of prostate cancer would 
be diagnosed and approximately 27,360 men would die of 
the disease in the United States. The management of pros- 
tate is challenging because the disease has variable clinical 
and pathologic behavior. Treatment choice should be patient- 
specific and risk-adjusted, aimed at improving cancer con- 
trol and reducing risks of treatment-related complications. 
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This characterization necessitates the optimal use of imag- 
ing methods that play an integral role in prostate cancer 
management. 

Early prostate cancer usually has no symptoms. With 
more advanced disease, individuals may experience weak or 
interrupted urine flow, dysuria, urinary retention, nocturia, or 
hematuria. 

Risk factors for developing prostate cancer are advanced 
age, ethnicity, and family history of the disease. More than 
65% of all prostate cancers occur in men older than 65 years 
old. A diet high in saturated fat may also be a risk factor. 

Prostate cancer screening is performed with DRE and 
measurement of serum PSA level for men at average risk 
beginning at age 50 and for men at high risk beginning at age 
45. Since the advent of PSA screening, the incidence of pros- 
tate cancer has increased, but most prostate cancers are now 
diagnosed at an early stage. PSA screening has high sensitiv- 
ity for cancer detection, but its specificity is limited because 
PSA level can be elevated in other conditions including BPH, 
inflammation, trauma, and urinary retention. Patients who 
have abnormal DRE findings or elevated PSA levels are fur- 
ther evaluated with prostate biopsy. A PSA level of 4.0 ng/ 
mL is generally accepted as the lower limit for biopsy 
consideration. 


Diagnosis of Cancer Localization 


Transrectal US-guided biopsy continues to be the “gold stan- 
dard” for the diagnosis of prostate cancer because it is simple 
to use and relatively cost effective. Transrectal US provides 
reasonably good quality images of the prostate and adjacent 
structures and facilitates needle placement and tissue sam- 
pling. Only a small amount of tissue is obtained with needle 
biopsy. Thus, sampling errors are common. Initial transrectal 
US-guided biopsy detects prostate cancer in only 22-34% of 
the cases. Thus, many patients require repeat biopsy. In 
patients who have initial negative results from transrectal 
US-guided prostate biopsy, prostate cancer is detected in 
10-19% on the second, in 5—14% on the third, and in 4-11% 
on the fourth repeat biopsy. The traditional sextant biopsy 
schema, in which six parallel core samples are obtained, is 
now considered inadequate. Thus, newer prostate biopsy 
strategies include higher numbers of biopsy samples from 
different regions of the prostate to improve cancer detection 
and risk assessment. A few centers currently have gone so far 
as to perform saturation biopsies (20-24 cores). 

Recently, MR imaging-guided biopsy has been introduced 
for cancer localization. By using multiparametric imaging 
such as T2-weighted imaging, DCEI, MRSI, or DWI, MR 
imaging-guided biopsy can improve cancer depiction, thus 
facilitating accurate biopsy targeting and potentially decreas- 
ing the false-negative biopsy rate. However, even if technically 
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feasible, MR imaging guidance for biopsy remains a 
challenge, mainly due to issues with patient access, patient 
positioning, and added cost. 


Imaging Modalities and Clinical Applications 


Transrectal US 

In addition to its role in biopsy guidance, transrectal US is a 
commonly used imaging method for the detection and local 
staging of prostate cancer because of its widespread avail- 
ability and ease of use. 

The typical appearance of prostate cancer on transrectal 
US is a hypoechoic lesion in the PZ of the prostate, but not 
all cancers are hypoechoic and not all hypoechoic lesions are 
cancers. Up to 40% of prostate cancers are isoechoic on tran- 
srectal US and only 20-30% of hypoechoic lesions are can- 
cers. The false-positive findings for prostate cancer on 
transrectal US include inflammation, atrophy, infarction, and 
BPH. 

Capsular bulging and irregularity and the obliteration of 
the fat plane posterior to the prostate and of the rectopros- 
tatic angle are findings suggestive of extracapsular extension 
on transrectal US. In addition, seminal vesicle invasion by 
the tumor can be observed on transrectal US. The accuracy 
of transrectal US in the prediction of extracapsular extension 
of prostate cancer varies widely, with sensitivities ranging 
from 50% to 92% and specificities ranging from 58% to 
86%. For the diagnosis of seminal vesicle invasion, reported 
sensitivities range from 22% to 60%, and the specificity is 
about 88%. 

Color or power Doppler US is a simple technique to dem- 
onstrate the vascularity of a lesion. Prostate cancer has an 
increased microvessel density compared with healthy pros- 
tate tissue. Thus, Doppler visualization of streaming blood 
within the vasculature may be helpful in detecting and local- 
izing prostate cancer. Cancer grade correlates positively with 
the degree of Doppler signal. As a targeted biopsy, Doppler 
US may be useful, even if insufficient increase of positive 
predictive values. 

Contrast-enhanced transrectal US by using microbubble 
contrast agents can improve visualization of the cancer 
microvasculature. A study showed that a biopsy core taken 
with contrast-enhanced targeted biopsy was 2.6 times more 
likely to detect cancer than a systematic biopsy core. 
Additionally, the cancer foci detected by contrast-enhanced 
targeted biopsies had significantly higher mean Gleason 
scores. Disadvantages of applying US contrast agents are the 
longer duration and higher degree of invasiveness of the 
examination. 

Sonoelastography depends on detecting variance in tissue 
compliance, generated by compression and relaxation. 
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Prostate cancer was deemed to have lower compression ability. 
Few studies of prostate sonoelastography have been pub- 
lished. Preliminary results showed that sonoelastography has 
a sensitivity and specificity of more than 75% and a positive 
predictive value of up to 88%. 


Computed Tomography 

CT for local staging of prostate cancer is of little value 
because even with contrast enhancement, CT lacks the soft 
tissue resolution necessary for the detection of prostate can- 
cer within normal prostate. However, in patients with highly 
elevated PSA levels, 1t may be a useful modality to assess 
nodal involvement, capable of scanning the entire body in a 
short period of time. 


MR Imaging 

On T2-weighted imaging, prostate cancer in the PZ appears 
as an area of low signal intensity that is easily distinguished 
from high signal intensity of normal prostatic tissue. 
However, T2-weighted imaging has crucial limitations for 
detecting cancers in the TZ and CZ, because cancer and nor- 
mal tissues both have low signal intensity on T2-weighted 
imaging. Furthermore, many noncancerous conditions 
including nonspecific inflammation, biopsy-related hemor- 
rhage, atrophy, BPH nodules, or sequelae resulting from 
radiation therapy or hormonal treatment can also reveal low 
signal intensity in the PZ on T2-weighted imaging. The 
accuracy of tumor localization by T2-weighted imaging has 
been reported to be 67-72%, with relatively high sensitivi- 
ties (54-84%), whereas specificities were low (46-61%). 

Postbiopsy hemorrhage may hinder tumor detection in 
the prostate, resulting in either under- or overestimation of 
tumor presence and local extent. The imaging appearance 
depends on the length of time between the biopsy and MR 
imaging. Thus, a longer delay of 6-8 weeks is recommended 
for MR imaging. 

For assessing local staging of prostate cancer, MR imag- 
ing plays a crucial role. MR imaging criteria for extracapsular 
extension include several findings: asymmetry of the neuro- 
vascular bundle, tumor envelopment of the neurovascular 
bundle, an angulated prostate gland contour, an irregular or 
spiculated margin, obliteration of the rectoprostatic angle, 
capsular retraction, a tumor-capsule interface greater than 
1 cm, and a breach of the capsule with evidence of direct 
tumor extension. In the evaluation of extracapsular invasion, 
transverse sections are essential and a combination of trans- 
verse and coronal images is ideal. MR imaging criteria for 
seminal vesicle invasion include contiguous, low signal inten- 
sity tumor extension from the base of the gland into the semi- 
nal vesicles, disruption or loss of the normal architecture of 
the seminal vesicle and decreased conspicuity of the seminal 
vesicle wall, tumor extension along the ejaculatory duct (non- 
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visualization of the ejaculatory duct), asymmetric decrease in 
the signal intensity of the seminal vesicles with mass effect, 
and obliteration of the angle between the prostate and the 
seminal vesicle on sagittal images. MR imaging is also help- 
ful for diagnosing the invasion of adjacent organs (e.g., the 
urinary bladder and rectum). Combined transverse, coronal, 
and sagittal planes of section facilitate evaluation of extraca- 
psular extension, seminal vesicle invasion, and adjacent organ 
invasion. 

The accuracy of MR imaging in the local staging of pros- 
tate cancer varies widely, from 50% to 92%. MR imaging 
has been reported to have 13-95% sensitivity and 49-97% 
specificity for the detection of extracapsular extension and 
23-80% sensitivity and 81-99% specificity for the detection 
of seminal vesicle invasion. 

To improve the diagnostic performance for pre- or post- 
treatment work-up of prostate cancer, the addition of several 
functional imaging techniques such as DCEL DWI, or MRSI 
on T2-weighted imaging can be used. 


Dynamic Contrast-Enhanced Imaging 
DCEI is a method that provides information about microvas- 
cularity and angiogenesis. Data reflecting the tissue perfusion 
(blood flow, blood volume, and mean transit time), the 
microvessel permeability, and the extracellular leakage can be 
obtained. Typically, a full dose (0.1 mmol/kg) of gadolinium 
chelate is injected at 3 mL/s, and serial three-dimensional (3D) 
acquisitions are obtained every 2—5 s through the prostate. 
Cancers often demonstrate early nodular enhancement before 
the rest of the parenchyma and early wash-out of signal inten- 
sity. However, some prostate cancers are mildly or moderately 
hypervascular and thus are not detectable with this method. 
At present, the analysis of DCEI can be performed in sev- 
eral ways: qualitative, semiquantitative, and quantitative 
approach. Simple qualitative analysis is easy and does not 
require additional time for postprocessing. Additionally, 
subtraction technique of DCE images can be helpful to avoid 
hemorrhagic effects after biopsy. The flaws of this method, 
however, are that interreader agreement is poor for cancer 
detection and subtle differences between tumor and normal 
tissue, such as faster wash-in or wash-out cannot be found. 
The semiquantitative approach describes the signal intensity 
changes by using a number of parameters: onset time of sig- 
nal intensity curve (time from appearance in an artery to the 
arrival of contrast agent in the tissue of interest); time-to- 
peak (the slope and height of the enhancement curve); peak 
enhancement (maximum signal intensity); wash-in rate 
(maximum slope between the time of onset of contrast inflow 
and the time of peak enhancement); wash-out rate (the nega- 
tive slope of the late part of the exponential curve). This 
method is limited by the fact that they may not accurately 
reflect contrast agent concentration in tissue and can be 
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influenced by the MR scanner settings. Quantitative approach 
using pharmacokinetic modeling is usually applied to 
changes in the contrast agent concentrations in tissue. 
Concentration time curves are mathematically fitted by using 
one of many described pharmacokinetic models, and quanti- 
tative kinetic parameters (e.g., transfer constant for contrast 
agent [K""]; rate constant [K]; interstitial extravascular 
extracellular space [V_]). Robust methods for measuring the 
arterial input function are essential. Currently, this method is 
emerging but is still not widely available. Both semiquantita- 
tive and quantitative data can be highlighted through the gen- 
eration of parametric maps from the series of DCE images. 

DCEI is of importance in the localization and staging of 
prostate cancer. Several studies have found that DCEI is supe- 
rior to T2-weighted imaging for prostate cancer localization. 
For local staging, DCEI can improve diagnostic performance 
of the area under the receiver-operating curve compared with 
T2-weighted imaging, especially for less-experience readers 
(Az, 0.66 and 0.82). For the detection of local recurrence after 
surgery or radiotherapy, DCEI is increasingly being used and 
can improve accuracy compared with T2-weighted imaging. 
However, limitations of this technique include insufficient 
depiction of TZ cancer in patients with BPH. Additionally, 
there is yet no consensus with regard to the best acquisition 
protocol and the optimal perfusion parameter for differentiat- 
ing the cancer from normal tissue. 


Diffusion-Weighted Imaging 
DWI depends on the microscopic mobility of water. This 
mobility, classically called Brownian motion, is due to ther- 
mal agitation and is dependent on the cellular environment 
of the water. In general, cancer tends to have more restricted 
diffusion than does normal tissue because of high cell densi- 
ties and abundance of intra- and intercellular membrane in 
cancer. The apparent diffusion coefficient (ADC) values of 
malignant tissue are lower than in the healthy tissues. 
Prostate DWI may be obtained with various techniques. 
Owing to the T2 shine-through effect (i.e., an area with a 
very long T2-relaxation time may have a high signal on 
DWI), the use of a higher b value (800—1,000 s/mm?) would 
be recommended. However, there is no consensus with 
respect to optimal b value for prostate cancer. To avoid the 
T2 shine-through effect on prostate DWI, the use of an ADC 
map is recommended instead of index DWL in terms of 
imaging interpretation qualitatively. A recent study reported 
the additional utility of DWI when used together with 
T2-weighted imaging at 3 T for predicting prostate cancer 
localization in 68 tumors. In this study, the overall sensitivity 
and positive predictive value of T2-weighted imaging plus 
DWI was 84% and 86%, respectively, whereas that of 
T2-weighted imaging alone was 66% and 63%, respectively 
(P<0.05). 
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DWI cannot currently be used to accurately predict 
extracapsular extension in prostate cancer because of image 
distortions and artifacts. Owing to recent technical advances 
in DWI including improved spatial resolution, DWI may be 
used for the evaluation of extracapsular extension. Using 
DWI as a supplement to T2-weighted imaging can espe- 
cially improve overall tumor depiction, which in turn may 
improve readers’ confidence in identifying foci of extraca- 
psular extension associated with smaller tumors that may 
have gone unrecognized on T2-weighted imaging alone. To 
date, endorectal MR imaging with T2-weighted imaging is 
the most accurate modality to predict seminal vesicle inva- 
sion. A recent study reported that 3T-DWI used in conjunc- 
tion with T2-weighted imaging improved the prediction of 
seminal vesicle invasion in prostate cancer compared to 
T2-weighted imaging alone. These authors reported that 
the accuracy of combined T2-weighted imaging and DWI 
in both experienced and less experienced readers was more 
than 90%. In particular, using T2-weighted imaging in con- 
junction with DWI led to significant improvement of the 
area under the receiver operating characteristic curve (Az) 
compared with T2-weighted imaging alone for less experi- 
enced readers (Az=0.815 vs 0.696; P<0.01). 

For assessing the aggressiveness of prostate cancer, a 
recent study at 1.5T reported that ADC values in PZ cancer 
showed a significant negative correlation with tumor Gleason 
score (p =—0.497; P<0.0001). This result suggests that ADC 
values could be used as a potential marker of tumor differen- 
tiation of prostate cancer and may serve as a prognostic indi- 
cator. For a topic of therapeutic response evaluation, DWI 
has potential. Although, many validations will be needed, a 
study suggested that ADC values might be a useful imaging 
biomarker for monitoring the therapeutic responses of pros- 
tate cancer to radiotherapy. 

Currently, DWI is limited by poor spatial resolution and 
the potential risk of imaging distortion. However, DWI has 
several potentials due to the advent of high field strength 
(1.e., 3 T), in terms of tumor detection, staging, post-treat- 
ment follow-up, monitoring the therapeutic effects of pros- 
tate cancer after hormonal or radiation therapy, and guiding 
targeted biopsy in patients with previously negative biopsy 
results. 


MR Spectroscopic Imaging 
MRSI is a unique method that can provide information on 
prostate metabolism. It provides quantitative data based on 
the citrate, choline, and creatine levels and the ratios between 
these metabolites. A high level of citrate is an important 
marker in healthy or benign prostate. Thus, reduced levels of 
citrate and increased levels of choline are indicative of pros- 
tate cancer. A commonly used marker for cancer tissue is the 
ratio of choline-creatine to citrate. 

MRSI techniques that are commercially available include 
3D chemical shift imaging with point-resolved spectroscopy 
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voxel excitation and band-selective inversion with gradient 
dephasing for water and lipid suppression. Currently, 3D 
proton MR spectroscopic mapping of the entire prostate is 
possible with a resolution of 0.24 mL or smaller. 

The combined use of MRSI and MR imaging has been 
shown to improve cancer detection and localization in the PZ 
and cancer volume measurement in the PZ. The addition of 
MRSI to T2-weighted imaging increases the localization spec- 
ificity up to 91%. Moreover, on the basis of a strong correla- 
tion between the tumor volume and its extracapsular extension, 
investigators have shown that the combination of volumetric 
data from MRSI and T2-weighted imaging may result in 
improved accuracy in determining extracapsular extension. It 
also can be more useful than T2-weighted imaging for detect- 
ing TZ cancer. However, the metabolites ratio of cancer in the 
TZ varies broadly and thus may overlap in metabolite ratios 
between cancerous and benign tissues in the TZ. 

MRSI can provide an indication of prostate cancer 
aggressiveness. In addition, it is useful for planning treat- 
ment and determining therapeutic effectiveness, as well as 
for detecting a recurrent tumor after surgery, radiation ther- 
apy, or hormonal treatment. However, disadvantages of this 
technique include long acquisition time, possible variability 
in results dependent on postprocessing or shimming, and no 
direct visualization of periprostatic anatomy. Moreover, 
combined use of MR imaging and MR spectroscopic imag- 
ing has been limited to relatively few centers. 


Multiparametric MR Imaging 

Although T2-weighted imaging has been the mainstay of 
prostate MR imaging, it is generally acknowledged to be 
nonspecific for cancer as mentioned earlier, because low 
signal intensity lesions in the PZ can result from prostatitis, 
scarring, or hyperplasia. The use of additional MR imaging 
techniques, such as DWI, MRSI, and DCEI, may provide 
additional improvement of diagnostic performance in tumor 
detection and staging. In particular, the growing availability 
of 3T-MR scanners offers the potential for significant 
improvements in both spatial and spectral resolution and in 
speed compared with 1.5 T. At 3 T, multiparametric MR 
imaging will most likely provide the best characterization of 
prostate cancer, but more studies are needed to determine 
how to analyze and display this large amount of imaging 
data and how to optimally combine the data for the most 
accurate assessment of prostate cancer. Histological correla- 
tions or clinical outcomes are required to determine the 
accuracy for each method and optimal combinations of these 
approaches. 


Future Improvement in 3T MR Imaging 

At present, as 3T-MR scanners become more clinically 
available, clinical application of 3T MR imaging of the 
abdomen and pelvis is now feasible and being performed at 
many institutions. The increase in signal-to-noise ratio 
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(SNR) at 3 T versus 1.5 T clearly improves spatiotemporal 
and spectral resolutions of the prostate. 

T2-weighted imaging at 3 T is not expected to substan- 
tially improve prostate cancer localization although increased 
SNR at 3 T may improve spatial resolution, because tissue 
contrast is similar at 3 T and 1.5 T. In terms of the staging of 
prostate cancer, T2-weighted imaging at endorectal 3T-MRI 
can increase SNR and improve spatial resolution, which may 
particularly improve sensitivity for minimal extracapsular 
extension. To date, although published data concerning stag- 
ing evaluations by 3 T are scarce, it has seemed likely that 
endorectal 3T-MRI is superior to phased array 3 T and to 
endorectal 1.5T-MRI. Moreover, phased array 3T-MRI may 
be equivalent to endorectal 1.5T-MRI. However, further 
future investigations are required. 

Given the paucity of studies available at 3 T it remains 
debatable as to whether the potential to improve the diag- 
nostic performance for prostate cancer staging at 3 T will 
translate to clear benefits. According to several prelimi- 
nary results, one might expect that 3T-MRI would improve 
localization and staging accuracies in prostate cancer. 
Additionally, the application of prostate 3T-MRI using 
only a phased array coil is feasible and may offer sufficient 
image quality on T2-weighted imaging, DCEI, DWI, and 
MRSI sequences. This provides an opportunity to offer a 
good quality examination to those patients who are unable 
or unwilling to undergo an endorectal coil exam. Further 
comparisons between imaging with a phased array coil and 
an endorectal coil at 3 T are needed to determine the rela- 
tive values for impacting patient management. Innovations 
in radiofrequency transmission and receiver coil systems are 
expected to offer further improvements at 3 T, especially for 
phased-array coil 3T-MRI. 


Other Malignant Tumors of the Prostate 
Lymphoma 


Prostate lymphomas are rare, and most are secondary 
lymphomas. Primary lymphoma of the prostate accounts for 
less than 0.2% of extranodal non-Hodgkin’s lymphoma. The 
clinical symptoms and signs are similar to prostate cancer. 
Transrectal US finding of the prostate lymphoma is not spe- 
cific. The prostate is usually enlarged, and focal or diffuse 
hypoechoic lesion may be identified. 


Rhabdomyosarcoma 


Rhabdomyosarcoma usually occurs in the first decade of 
life. At the time of diagnosis, the tumors are usually large. 
They may cause obstructive uropathy and may involve the 
rectum producing bloody stool and constipation. Radiologic 
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findings show markedly enlarged prostate and tumor 
invasion of adjacent organs. 


Leiomyosarcoma 


Leiomyosarcoma is the second-most common sarcoma to 
involve the prostate. It usually occurs between 40 and 70 years 
of age and presents as a bulky tumor with diffuse infiltration of 
surrounding tissue. The typical symptoms are frequency, 
urgency, and dysuria. It is often metastasized to the lung, liver, 
and genitourinary tract. The radiologic findings of leiomyosar- 
coma are not distinguished from those of rhabdomyosarcoma. 


Benign Prostatic Hyperplasia 


Enlargement of the prostate is present in most elderly men. 
Approximately 95% of cases of BPH arise in the TZ and 5% 
from periurethral glandular tissue. Typically, it was believed 
that enlargement of the prostate was responsible for lower 
urinary tract symptoms. BPH presents with variable voiding 
symptoms such as reduction in the force of urine stream, 
feeling of residual urine, nocturia, and hesitancy. 

Transrectal US findings of BPH vary depending on histo- 
pathologic changes. BPH may appear as distinct nodules or 
diffuse enlargement of the prostate. Typically, the central 
gland enlarges in BPH. Often with BPH, the central gland 
remains hypoechoic compared with the peripheral gland. 
However, depending on an admixture of glandular and 
stromal elements, the echotexture may become heteroge- 
neous or even hyperechoic. 

Occasionally, BPH compresses the central zone as well as 
the peripheral zone to only a few millimeters in thickness. 
The surgical capsule is in the line of demarcation between 
the central BPH and the compressed peripheral gland. On 
transrectal US, this surgical capsule appears as a hypoechoic 
halo, and often calcifications are seen along this capsule. 
BPH nodules can bulge the capsule of the prostate or com- 
press the lateral margins, but they should not disrupt the cap- 
sule or periprostatic fat. 

MR imaging findings of BPH are variable. The signal char- 
acteristics in BPH are variable and depend on the amount of 
glandular and stromal tissue in the lesion. Glandular hyperplasia 
shows heterogeneous nodular lesions in the inner gland and sur- 
gical capsule on T2-weighted image. Stromal hyperplasia shows 
homogeneous low signal intensity on T2-weighted image. 


Prostatitis 
Prostatitis is thought to be the most common urologic dis- 


ease in men younger than 50 years old and the third-most 
common in men older than 50 years old. Pathologically, 
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prostatitis refers to inflammation of the prostate. Clinically, 
the diagnosis of prostatitis is used to refer to multiple disor- 
ders that cause pelvic pain and discomfort, ranging from 
acute bacterial infection to complex conditions that may not 
necessarily be caused by prostatic inflammation. 

Four subtypes of prostatitis are described by the National 
Institutes of Health (NIH) classification: 
+. NIH category I: acute bacterial prostatitis 
e NIH category II: chronic bacterial prostatitis 
e NIH category II: chronic nonbacterial prostatitis/chronic 

pelvic pain syndrome (CP/CPPS) 

e IIA: inflammatory 
+ TMB: noninflammatory 
+ NIH category IV: asymptomatic inflammatory. 

Acute and chronic bacterial prostatitis are the most infre- 
quent but best characterized prostatitis subtypes, whereas 
category III prostatitis is the most widespread entity but still 
poorly understood. 


Acute Bacterial Prostatitis 


Acute bacterial prostatitis (ABP) is an uncommon infectious 
process of the urinary tract. The most common infectious 
agents include Escherichia coli and other gram-negative 
rods. The prostate most likely becomes infected from reflux 
of urinary bacteria by way of the ejaculatory ducts or from an 
ascending urethral infection. Patients may present with fever, 
malaise, low back pain, dysuria, urgency, ejaculatory pain, 
and varying degrees of urinary obstruction. The prostate 
gland is typically tender, warm, swollen, and firm on DRE. 

Imaging shows the hallmarks of ABP: prostate enlarge- 
ment, surrounding edema, increased arterial flow, and venous 
engorgement. On transrectal US, the prostate changes from 
its typical ovoid or triangular appearance to a more rounded 
shape in the axial plane. The overall echogenicity decreases 
due to edema. The gland may also appear heterogeneous, 
with small focal hypoechoic regions in the prostate. Often 
marked increase in internal vascularity can be seen on color 
Doppler US. ABP generally responds well to antibiotic treat- 
ment. Transrectal US can be used for treatment follow-up by 
determining whether or not the prostate volume decreases. In 
some instances, however, ABP progresses to form a prostatic 
abscess, and then transrectal US shows a hypoechoic or 
anechoic mass within the prostate. Transrectal US-guided 
aspiration or drainage may be useful in the diagnosis and 
treatment of a prostate abscess. 


Chronic Bacterial Prostatitis 


Chronic bacterial prostatitis (CBP) is a very rare clinical 
entity found in men who have recurrent cystitis. Between the 
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episodes of cystitis, bacteria can be cultured from prostatic 
secretions following prostatic massage. Most patients are 
asymptomatic between episodes of urinary tract infection 
and present symptoms of dysuria, low back pain or perineal 
pain, hematospermia, and occasional epididymoorchitis. 

The imaging findings may be similar to those of ABP dur- 
ing acute phases of inflammation. On chronic stage, dystro- 
phic calcification and fibrosis develops in the areas of 
recurrent inflammation. Calcifications in the apical PZ are 
somewhat more specific for CBP, reflecting the pathophysi- 
ology of reflux of infected urine into the prostatic paren- 
chyma. In general, the imaging features of CBP are 
nonspecific and overlap with those of normal patients who 
have BPH and chronic nonbacterial prostatitis. 


Chronic Nonbacterial Prostatitis/Chronic Pelvic 
Pain Syndrome 


More than 90% of symptomatic patients meet the criteria for 
the diagnosis of chronic nonbacterial prostatitis/chronic pel- 
vic pain syndrome (CP/CPPS). These men have lower geni- 
tourinary pain with variable voiding and sexual dysfunction 
and without evidence of a bacterial infection or evidence of 
another etiology for their pain. Patients who have the inflam- 
matory subtype of CP/CPPS have leukocytes in the prostatic 
secretions, postprostatic message urine or semen, whereas 
the noninflammatory subtypes do not. The etiology of CP/ 
CPPS is not clearly understood. Those affected have variable 
symptoms, waxing and waning over time. Focal atrophy and 
microcalcifications are common. 

The imaging findings reflect the variable clinical and his- 
tologic findings. Transrectal US findings include diffuse, 
focal, or multifocal hypoechoic changes in the PZ. The pros- 
tate is usually not enlarged and has heterogeneous increased 
echogenicity. A hypoechoic rim along the outer periphery of 
the prostate has also been seen and shown to correlate with 
the degree of stromal fibrosis on histology. Rarely, the inflam- 
matory infiltration may be seen as a focal hypoechoic lesion, 
similar to prostate cancer. Calcifications are common find- 
ings in men who have chronic prostatitis and calcifications 
can be found in the TZ close to the surgical capsule or around 
the proximal prostatic urethra, or in the PZ. Abnormalities of 
one or both seminal vesicles, including dilation, elongation, 
and septal wall thickening may be seen in up to 20% of 
affected patients. 


MR Imaging of Prostatitis 


On MR imaging, lesions of chronic prostatitis and granu- 
lomatous prostatitis appear as low-signal intensity abnormal- 
ities in the PZ that are indistinguishable from prostate cancer. 


Introduction 


Chronic prostatitis is seen most commonly as multifocal 
noncontour deforming areas that have low signal on 
T2-weighted images. It is seen less commonly when it has a 
zonal distribution. Acute prostatitis may demonstrate patchy 
curvilinear regions of alternating high- and low-signal inten- 
sities or diffuse low-to-intermediate signal in the PZ. 


Granulomatous Prostatitis 


Granulomatous prostatitis in an unusual benign inflammatory 
process that is not included in the NIH classification butis noted 
on histology in approximately 1.5% of resected prostate speci- 
mens. Granulomatous prostatitis can be divided into the follow- 
ing four subtypes: idiopathic (nonspecific), infective, iatrogenic 
(postsurgical), and a miscellaneous category that includes mala- 
koplakia and cases associated with systemic granulomatous dis- 
eases. On transrectal US, a focal or multifocal hypoechoic lesion 
may be noted, which is indistinguishable from cancer. 
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1. Normal Prostate 


Fig. 1.1 Normal prostate anatomy. (A and B) Schematic drawing of tissue (PUT), anterior fibromuscular stroma (AFS), and neurovascular 
the prostate in axial (A) and sagittal (B) planes shows peripheral zone bundle (NVB). ED ejaculatory duct, SV seminal vesicle, UGD urogenital 
(PZ), central zone (CZ), transition zone (TZ), periurethral glandular diaphragm, V verumontanum 


Fig. 1.2 Transrectal US findings of normal prostate in a 18-year-old 
man. (A and B) Transrectal US in axial (A) and sagittal (B) planes dem- 
onstrate normal anatomy of the prostate. The PZ (asterisks) shows Fig. 1.3 CT findings of normal prostate in a 66-year-old man. Contrast- 
homogeneous echogenicity, whereas the central gland (C) reveals enhanced CT scan shows a normal prostate with a slightly low-attenuated 
slightly heterogeneous echogenicity. Note prominent Santorini’s venous PZ. TZ shows heterogeneous enhancement. The enhancement pattern of 
plexus (arrows) in the periprostatic fat, anterolateral to the prostate the prostate on CT is various 
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MR imaging findings of a prostate with BPH in a 68-year-old 
man. On sagittal T2-weighted image, two blue lines demonstrate the 
base and mid-gland level of the prostate, respectively. On axial 
T2-weighted images, the zonal anatomy of PZ, CZ, TZ, and AFS is 


relatively well-delineated. BPH in the TZ reveals heterogeneous, low 
signal intensity on T2-weighted image. The CZ and AFS show rela- 
tively homogeneous, low signal intensity on T2-weighted image. Note 
bilateral NVBs (arrows) 


> MR imaging findings of a normal prostate in a 59-year-old man. On the mid-gland level of the prostate (blue line), axial T2-weighted 
image shows homogenous high-signal intensity of the PZ and low-signal intensity of the TZ and AFS. Note the urethra (arrow) 
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2. Prostate Cancer: Detection and Localization 


Fig.2.1 Prostate cancer in the right PZ (arrows) in a 65-year-old man in the right PZ. (B and C) Color (B) and power (C) Doppler US images 
with PSA of 10.7 ng/mL and Gleason score 4+3. (A) Transrectal US in in the axial plane reveal that the lesion has marked hypervascularity 
the axial plane shows a focal, ovoid-shaped, low-echoic nodule (arrows) (arrows) compared with contralateral noncancerous tissue 
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Fig. 2.2 Prostate cancer in the right PZ in a 67-year-old man with 
PSA of 3.5 ng/mL and Gleason score 3+4. (A) Transrectal US in axial 
plane shows a focal, low-echoic lesion (arrows) in right PZ of the pros- 
tate. (B and C) Axial T2-weighted (B) and ADC map (C) reveal a 


focal, low-signal lesion (arrow) in the corresponding site with the 
lesion of A. (D) On axial dynamic contrast-enhanced image, the lesion 
is well demonstrated. (E) Surgical specimen confirmed a cancer (T) in 
the right PZ 
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Fig. 2.3 Prostate cancer in the left TZ in a 75-year-old man with PSA 
of 3.67 ng/mL and Gleason score 3+4. (A) On axial T2-weighted 
image, no focal mass except BPH in both TZs is seen in the prostate. 
(B and C) However, a presumed cancer (arrow) is seen in the left TZ 


as a low signal lesion on an axial ADC map (B) and a well-demon- 
strated lesion on axial parametric map of time-to-peak (C) obtained 
with dynamic contrast-enhanced imaging. (D) Surgical specimen 
confirmed a cancer (a dark region of interest) in the left TZ 


Illustrations 


2.4 Prostate cancer in the anterior aspect of the mid-gland and left 
PZ i in a 69-year-old man with PSA of 5.01 ng/mL and Gleason score 
3+4. (A and B) Axial T2-weighted images of upper (A) and lower (B) 
levels show heterogeneous signal intensity in both lobes of the prostate. 
(C and D) However, axial ADC map images (C, same site as A; D, 


same site as B) reveal cancerous lesions (arrows) with low ADC values 
in the anterior aspect of the mid-gland and left PZ. (E) Histopathologic 
examination confirmed two cancer foci in the anterior aspect of the 
mid-gland and left PZ (blue regions of interest). Note high-grade pros- 
tatic intraepithelial neoplasia (asterisks) 
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Fig. 2.4 (continued) 


Illustrations 843 


Prostate cancer in the left PZ in a 74-year-old man with PSA lesion in the prostate is seen. (C) However, contrast-enhanced US using 
of 5.61 ng/mL and Gleason score 4+5. (A) Transrectal US in axial microbubble contrast agent demonstrates a lesion (arrow) that has 
plane shows several, ill-defined, low-echoic lesions (arrows) in the left increased vascularity in the left PZ 

PZ. (B) On color Doppler US in axial plane, no focal hypervascular 
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Fig. 2.6 Prostate cancer in the left PZ in a 69-year-old man with PSA metric maps of wash-in rate (B) and area under the curve (C) obtained 
of 4.56 ng/mL and Gleason score 3+4. (A) Axial T2-weighted image with dynamic contrast-enhanced imaging demonstrate a color-encoded 
shows no focal lesion in the prostate. (B and C) However, axial para- lesion (arrow) in the left PZ, suggesting a possibility of cancer 


Illustrations 


Prostate cancer in both PZs in a 70-year-old man with PSA of 
1.55 ng/mL and Gleason score 3+4. (A) Three-dimensional MR spec- 
troscopic imaging of a cancer in both PZs (yellow outline) shows high 
choline and no or reduced citrate peaks (green box), whereas that of 
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noncancerous tissue (blue box) reveals low choline and high citrate 
peak. (B) Histopathologic examination confirmed cancer in both PZs 
(blue regions of interest) 
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Fig. 2.8 Prostate cancer in both anterior PZs in a 70-year-old man lobes are seen as low signal intensity of low ADC values on the axial 
with PSA of 9.54 ng/mL and Gleason score 3 +4. (A) Axial T2-weighted ADC map (B) and color-encoded area on axial parametric map (C) of 
image shows a diffusely low signal area in both lobes of the prostate. | wash-in rate obtained with dynamic contrast-enhanced imaging 

(B and C) However, two cancers (arrows) in the anterior PZ of both 
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Fig. 2.9 Prostate cancer in the left PZ in a 69-year-old man with PSA (D) obtained with dynamic contrast-enhanced imaging show pathologic 
of 6.09 ng/mL and Gleason score 4 +3. (A) On axial T2-weighted image, enhancement (arrows) in the area suspicious for cancer in the left PZ. 
no focal lesion is seen in the prostate. (B-D) Axial pharmacokinetic (E) Surgical specimen confirmed the cancer in the left PZ (blue region 
maps of K" (B), K,, (C), and area under gadolinium concentration of interest) 
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Fig. 2.10 MR spectroscopic imaging in a 65-year-old man with on an axial T2-weighted image. The lower spectra are the results for 
BPH. (A) Axial T2-weighted image shows BPH without suspected 24 voxels (yellow boxes; left, top). MR spectroscopic imaging of a 
cancerous lesion. (B) MR spectroscopic imaging was obtained with noncancerous lesion in both TZs demonstrates low choline and high 
a point-resolved spectroscopy (PRESS) volume localization and 3D citrate peak. Note that the upper middle and right images are citrate 
chemical shift imaging. The green rectangular box (left, top) is a and choline distribution maps overlaid on axial T2-weighted images, 
point resolved spectroscopy (PRESS) volume localization overlaid respectively 
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Fig. 2.11 Prostate cancer in both lobes in a 75-year-old man with a 
PSA of 26.37 ng/mL and Gleason score 4+4. MR spectroscopic imag- 
ing obtained with a PRESS volume localization and 3D chemical shift 
imaging shows the results for 20 voxels (yellow boxes; left, top). The 
green rectangular box (left, top) is PRESS volume localization overlaid 


on an axial T2-weighted image. MR spectroscopic imaging demon- 
strates an abnormal ratio of choline and creatine-to-citrate ratio in the 
right lobe, representing a possibility of cancer foci. Two (red box) of 20 
voxels are nonratable due to artifacts 
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Fig. 2.12 Prostate cancer in the anterior aspect of the apex in a Doppler US in the axial plane, the vascularity of the lesion is not 
61-year-old man with a PSA of 4.12 ng/mL and Gleason score 4+3. increased (arrows). (C and D) Axial T2-weighted (C) and ADC map 
(A) Transrectal US in axial plane shows an isoechoic or slightly hyper- (D) images reveal a focal, low-signal lesion (arrow) at the correspond- 
echoic lesion (arrows) in anterior aspect of the apex. (B) On power ing site with US, representing the possibility of a cancer 


Illustrations 


3. Prostate Cancer: Staging 
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Fig. 3.1 Prostate cancer with a right extracapsular extension and 
seminal vesicle invasion (T3b) in a 75-year-old man with PSA of 
202.9 ng/mL and Gleason score 4+4. (A) Axial T2-weighted image 
shows cancer foci (arrows) of low-signal intensity in both PZs, associ- 
ated with bulging contour, capsular disruption, and direct tumor exten- 
sion at the level of the right mid-gland that suggest extracapsular 
extension (arrowhead). (B) Axial parametric map of wash-in rate 
obtained with dynamic contrast-enhanced imaging shows two color- 
encoded lesions (arrows) associated with extending of the enhancing 


cancer foci into the periprostatic area (arrowhead). (C and D) Axial 
DWI of b= 1,000 s/mm? (C) and ADC map image (D) demonstrate two 
cancer foci (arrows) of diffusion restriction at the corresponding site 
with A, which are related with right extracapsular extension (arrow- 
head). Although DWI may have limited spatial resolution, it may raise 
confidence for the extracapsular extension on the basis of the high- 
resolution T2-weighted imaging, probably due to increased accuracy 
for tumor detection and localization 
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Diffuse prostate cancer with extracapsular extension, seminal 
vesicle invasion, bone and lymph node metastases in a 75-year-old man 
with PSA of 178.3 ng/mL and Gleason score 4+5. (A) Axial 
T2-weighted image shows diffusely low-signal intensity in both lobes, 
suggesting cancers. The lesions are associated with the following find- 
ings (arrows): capsular disruption, obliteration of rectoprostatic angle, 
spiculated margin, and a breach of capsule at the level of the right mid- 
gland. (B) Axial ADC map image reveals diffuse cancer of low-signal 


intensity that is related with extension of the cancer into right the 
periprostatic area, and obliteration of the rectoprostatic angle (arrows). 
(C and D) Axial pharmacokinetic maps of K" (C) and area under 
gadolinium concentration (D) obtained with dynamic contrast-enhanced 
imaging reveal pathologically diffuse enhancement of the prostate, 
which is related with extension of the cancer into the right periprostatic 
area (arrows), suggesting a possibility of extracapsular extension 
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c Same patient as in Fig. 3-2. (A) Axial T2-weighted image 
shows low-signal intensity (arrows) involving both seminal vesicles, 
representing a possibility of tumor invasion. (B) Axial ADC map image 
reveals low-signal lesion of diffusion restriction (arrows) at the corre- 
sponding site with A, C, and D. Axial pharmacokinetic maps of K"™s 


(C) and area under gadolinium concentration (D) obtained with dynamic 
contrast-enhanced imaging show pathologically diffuse enhancement 
(arrows) in both seminal vesicles. Both ADC map and dynamic con- 
trast-enhanced images could improve the confidence for seminal vesicle 
invasion on the basis of T2-weighted image 


Fig. 3.4 Advanced prostate cancer with seminal vesicle invasion, 
lymph node and bony metastasis, and urinary bladder invasion in a 
75-year-old man with PSA of 350.6 ng/mL and Gleason score 5+4. (A) 
Axial T2-weighted image shows homogeneously low signal intensity 
involving both seminal vesicles (asterisk), which extends into the pos- 
terior wall of the urinary bladder. Note several nodal metastases 
(arrows). (B) Sagittal T2-weighted image reveals diffuse cancer (T) 
involving the whole prostate, associated with seminal vesicle invasion 
(asterisk). Also, the lesion invades the posterior wall of the urinary 
bladder (arrow) 
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Fig. 3.5 Prostate cancer with extracapsular extension and seminal 
vesicle invasion a 72-year-old man with PSA of 13.23 ng/mL and 
Gleason score 4+4. (A) Transrectal US in the axial plane demonstrates 
ill-defined, low-echoic lesion (arrows) in the bilateral posterolateral 
PZs at the level of base, which is associated with bulging contour. (B) 
Transrectal US in axial plane (more upper level than in A) shows ill- 
defined, low-echoic lesion (asterisk) in the area between the base and 
seminal vesicle. Both seminal vesicles are slightly enlarged and have a 
thickened wall (arrows), suggesting the possibility of tumor invasion. 
US-guided biopsy reveals prostate cancer with involvement of both 
seminal vesicles 


Illustrations 


Advanced prostate cancer with extracapsular extension and 
seminal vesicle invasion, bony and lymph node metastases, and adrenal 
involvement in a 66-year-old man with PSA of 424.9 ng/mL and 
Gleason score 4+5. (A) Transrectal US in the axial plane demonstrates 
enlarged prostate (T) with heterogeneous echogenicity, which is 
associated with obliteration of the rectoprostatic angle and bulging 
contour (arrows), representing a possibility of extracapsular extension. 
(B) Color Doppler US in the axial plane shows slight hypervascularity 
of diffuse prostate cancer (T). (C) Axial contrast-enhanced CT reveals 
diffuse prostate cancer (T) with enlargement of prostate and diffuse 
enhancement. Note bilateral extracapsular extension (arrows) 
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Fi ' Prostate cancer with rectal wall invasion in a 67-year-old man 
with PSA of 56.81 ng/mL and Gleason score 4+4. (A and B) Axial (A) 
and sagittal (B) T2-weighted image shows cancer (T) of homogeneously 
low signal intensity in the apex. The lesion penetrates the Denonvilliers’ 
fascia and involves the left anterior wall of the rectum, suggesting a 
possibility of rectal invasion. Owing to higher spatial resolution of MR 
imaging compared with US or CT, MR imaging can offer accurate 
information for tumor staging 
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Post-treatment changes of prostate cancer with extracapsular 
extension and seminal vesicle invasion in a 51-year-old man with PSA 
of 29.59 ng/mL and Gleason score 4+4. The patients received radiation 
and hormonal treatment. (A) Before treatment for prostate cancer, axial 
T2-weighted image shows diffuse cancer (T) of low-signal intensity 
with bilateral extracapsular extension (arrows). (B) At post-treatment 
5 months period, axial T2-weighted image shows decreased volume of 
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the prostate with a diffusely low signal intensity and indistinct zonal 
anatomy. The PSA level of the patient was 0.09 ng/mL. (C) At post- 
treatment 17-month period, axial T2-weighted image reveals more 
decreased volume of the prostate. The PSA level of the patient was 
0.01 ng/mL. However, T2-weighted image has the limitation for deter- 
mining the presence or absence of residual or recurred cancer 


Illustrations 


Fig. 4.2 Recurrent prostate cancer with elevated PSA levels (1.46 ng/ 
mL) 12 months after completion of radiotherapy in a 78-year-old man. 
(A) Axial T2-weighted image shows diffusely low signal area in the 
prostate. No focal nodular lesion is visible. (B) Axial ADC map image 
shows focal low signal lesion in the right lobe (arrow), which may 


indicate cancer recurrence. (C) MR spectroscopic imaging reveals 
abnormal ratio of choline and creatine-to-citrate ratio in the right PZ 
(red voxels), suggesting a possibility of cancer recurrence. At subse- 
quent US-guided biopsy, recurrent cancer foci with Gleason score of 
7 were found in the right lobe of the mid-gland 
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Fi Recurrent prostate cancer with rising PSA levels (8.65 ng/ 
mL) after completion of hormonal treatment in a 75-year-old man. (A) 
Axial T2-weighted image shows diffusely low signal area in prostate. 
No focal nodular lesion is visible. (B) Axial ADC map image shows 
diffusely low signal lesion (arrows) in both lobes, which may indicate 


cancer recurrence. (C) Axial dynamic contrast-enhanced imaging 
reveals diffusely well-enhancing lesion (arrows) in both lobes, suggest- 
ing a possibility of cancer recurrence. At subsequent US-guided biopsy, 
recurrent cancer foci with Gleason score of 8 were found in both lobes 
of the mid-gland 
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Fig. 4.4 Recurrent prostate cancer with rising PSA levels (4.23 ng/ 
mL) after completion of high intensity—focused ultrasound treatment in 
a 71-year-old man. (A) Axial T2-weighted image shows shrunken pros- 
tate with morphologic deformity. A focal lesion (arrow) with slightly 
low-signal intensity is seen in the left lobe. (B) Axial ADC map image 
shows a focal low-signal lesion in the left lobe, which may indicate 


cancer recurrence. (C) Axial parametric map image of wash-in rate 
obtained with dynamic contrast-enhanced imaging reveal a color- 
encoded lesion (arrow) in the left lobe. (D) MR spectroscopic imaging 
shows abnormal ratio of choline and creatine-to-citrate ratio in the left 
lobe. At subsequent US-guided biopsy, a recurrent cancer focus with 
Gleason score of 7 was found in left lobe 
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Fig. 4.5 Recurrent prostate cancer in retrovesical area after radical Doppler US in the axial plane, the lesion reveals slightly hyperechoic 
prostatectomy in a 64-year-old man with PSA of 0.38 ng/mL. (A) Axial lesion (arrows) with mild hypervascularity. At subsequent US-guided 
T2-weighted image shows focal high-signal lesion (arrows) in retrove- biopsy, a recurrent cancer focus with Gleason score of 8 was found in 
sical area, representing a possibility of cancer recurrence. (B) On color the retrovesical area 
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5. Prostate Cancer: Postbiopsy Hemorrhage 
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Fig.5.1 Prostate cancer in both PZs in a 73-year-old man with PSA of 
5.23 ng/mL and Gleason score 3+4. MR imaging was performed 
3 weeks after biopsy. (A) Axial T2-weighted image shows no focal 
lesion in the prostate. (B and C) Axial unenhanced (B) and dynamic 
contrast-enhanced (C) images show multifocal high signal lesions in 


both lobes, suggesting postbiopsy hemorrhage. With postbiopsy hem- 
orrhage, it is difficult to define the prostatic cancerous lesion. (D) 
However, axial parametric map of time-to-peak obtained with dynamic 
contrast-enhanced imaging reveals a color-encoded area (arrows) in 
both PZs of mid-gland level, suggesting a possibility of cancer. 


Illustrations 


Prostate cancer in the right anterior PZ in a 71-year-old man 
with PSA of 4.78 ng/mL and Gleason score 3+4. MR imaging was 
performed 3 weeks after biopsy. (A) Axial T2-weighted image shows 
multifocal low-signal lesions in both lobes. (B) Axial T1-weighted 
image reveals multifocal high-signal intensity at the same sites with 
low-signal lesions on T2-weighted image, suggesting hemorrhagic 
lesions. (C) However, axial subtraction dynamic contrast-enhanced 


image demonstrates a focal, well-enhancing lesion (arrow) in right 
anterior PZ, representing a possibility of cancer. (D) Axial ADC map 
image also reveals a focal lesion (arrow) of low-signal intensity at the 
corresponding site with C. The ADC map imaging and subtraction 
technique of dynamic contrast-enhanced imaging might overcome the 
effects of postbiopsy hemorrhage 
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6. Prostate Cancer: Prediction of Aggressiveness 
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).1 Negative correlation between tumor ADC and Gleason score 
in prostate cancer. (A and B) Prostate cancer in both PZs with PSA of 
12 ng/mL and Gleason score 5+4. Axial T2-weighted image (A) shows 
bilateral cancers involving both lobes, associated with suspected right 
extracapsular extension. On ADC map image (B), the lesion (region of 
interest) had 0.89 x 10° mmY/s. (C and D) Prostate cancer in both PZs 
with PSA of 2.53 ng/mL and Gleason score 3+3. Axial T2-weighted 


(C) and ADC map (D) images show no abnormal findings except an 
asymmetric, enlarged lesion in the left TZ. At histopathologic examina- 
tion, bilateral PZ cancers (regions of interest) at the level of the mid- 
gland were found. The mean ADC value of bilateral PZ cancers was 
1.75x 107 mm?/s. Note a left TZ cancer (Gleason score 3+4) with 
ADC value of 1.36x 10 mm?/s 
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7. Prostate Cancer: Targeted Biopsy 


~ 


Fig. 7.1 Prostate cancer in both lobes in an 83-year-old man with PSA 
of 28.97 ng/mL and Gleason score 3 +4. In this patient, two prior biopsy 
results were cancer negative. (A-C) Axial T2-weighted (A), ADC map 
(B), and parametric map (C) of wash-in rate obtained with dynamic 
contrast-enhanced imaging demonstrate presumed prostate cancers 
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(arrows) in both lobes of mid-gland level. For the lesions, US-guided 
targeted biopsy was performed and the cancers were confirmed. 
However, the cancers (arrow and calibers) were isoechoic on transrec- 
tal US (D) in axial plane, which might be a cause of negative cancer 
results on two prior biopsies. Note a small cyst (asterisk) 
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8. Prostate Cancer: Prediction of Treatment Response 


Fig. 8.1 Therapeutic response of prostate cancer in the right lobe in a 
74-year-old man with Gleason score 4+4. The patients received hor- 
monal and radiation therapy. (A and B) Before the initiation of treat- 
ment, axial T2-weighted (A) and ADC map (B) images show a prostate 
cancer (region of interest) in the right PZ and TZ. The mean ADC value 
of the lesion was 0.94 x 10° mm?/s. (C and D) Five months after the 


completion of treatment, axial T2-weighted (C) and ADC map (D) 
images show indistinct zonal anatomy, decrease in prostate volume, and 
disappearance of prostate cancer. The mean ADC value of the cancer 
(region of interest) was increased (1.45 x 10° mm?/s). Between before 
and after treatment, PSA level decreased from 32.18 to 0.01 ng/mL 
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9. Focal Prostatic Lesions Mimicking Prostate Cancer 


).1 Partial atrophy mimicking a prostate cancer in a 59-year-old  low-signal intensity (arrow) of diffusion restriction and well-enhancing 
man. (A) Axial T2-weighted image shows a focal, low-signal lesion lesion (arrow), respectively. These findings may indicate the cancer. 
(arrow) in the base of both lobes. (B and C) On axial ADC map (B) However, US-guided biopsy shows partial atrophy without evidence of 
and dynamic contrast-enhanced (C) images, the lesion reveals focal a cancer focus 
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Fig. 9.2 Granulomatous prostatitis mimicking prostate cancers in a 
68-year-old man. The patient had a history of bladder cancer. (A) Axial 
T2-weighted image shows multifocal, low-signal lesions (arrows) in 
both PZs. (B) Axial ADC map image reveals multifocal low-signal 


9.3 Chronic prostatitis mimicking prostate cancer in a 62-year-old 
man with PSA of 3.95 ng/mL. Transrectal US in axial plane shows 
ill-defined, low-echoic lesion (arrows) in left PZ. However, subsequent 
US-guided biopsy reveals chronic inflammation without evidence of 
cancer foci 


lesions in both PZs. (C) On axial dynamic contrast-enhanced image, 
the lesions show slight enhancement (arrows). These findings may 
indicate cancers. However, US-guided biopsy shows granulomatous 
prostatitis without evidence of cancer foci 
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Fig. Chronic prostatitis mimicking prostate cancer in a 70-year- 
old man with PSA of 7.55 ng/mL. (A) Axial T2-weighted image shows 
a focal low-signal lesion (arrow) in the left PZ. (B) On an axial ADC 
map image, the lesion reveals a focal, low-signal lesion of diffusion 


restriction (arrow). (C) The lesion shows focal enhancement (arrow) 
on axial dynamic contrast-enhanced imaging. These findings may indi- 
cate the possibility of a cancer. However, subsequent US-guided biopsy 
reveals focal chronic inflammation without evidence of cancer foci 
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10. Prostate Cancer: Mucinous Adenocarcinoma 


19 Prostate 


Fig. 10.1 Mucinous adenocarcinoma of the prostate in a 55-year-old 
man with PSA of 15.51 ng/mL and Gleason score 4+3. (A) Axial 
Tl-weighted image shows asymmetric enlargement of the prostate 
(asterisk), which has intermediate signal intensity. (B) Axial 
T2-weighted images reveal a well-defined, high-signal mass (asterisk) 
containing multiple septa in the right lobe, extending to the left lobe, 
right extracapsular area, and rectal wall (arrow). (C) On coronal 
T2-weighted image, the mass extends into the right seminal vesicle. 


Note both seminal vesicles (arrows). (D) On axial ADC map image, the 
mass (asterisk) shows high signal intensity containing multiple fine 
septa. (E) On axial dynamic contrast-enhanced imaging, the mass 
reveals heterogeneous enhancement with multiple enhancing septa 
(asterisk). (F and G) Transrectal US in axial plane (F) shows heteroge- 
neous echogenicity in enlarged prostate, which includes multiple vari- 
able-sized cystic lesions. On color Doppler US (G), the mass shows 
slight hypervascularity 
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Fig. 10.1 (continued) 
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11. Other Tumors of the Prostate 


== — 


Fig. 11.1 Diffuse large B-cell lymphoma of the prostate in a 79-year- both seminal vesicle invasion. Note multiple enlarged lymphadenopa- 
old man. (A and B) Axial contrast-enhanced CT scans demonstrate dif- thy (arrows) in the pelvis 
fusely enlarged prostate (asterisk) with homogeneous enhancement and 
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Fig. 11.2 Prostate rhabdomyosarcoma in a 33-year-old man with a 
PSA of 8.5 ng/mL. (A and B) Transrectal US in axial plane (A) shows 
a large, lobulated, heterogeneous mass (arrows) involving the entire 
prostate. On power Doppler US (B), the vascularity of the mass is not 
increased. (C and D) Axial (C) and sagittal (D) T2-weighted images 
reveal a well-defined, large, heterogeneous, high-signal mass (arrows) 


involving the entire prostate. (E) On axial T1-weighted image, the mass 
shows heterogeneous signal intensity including high signal area, repre- 
senting a possibility of hemorrhage or necrosis. (F) On axial dynamic 
contrast-enhanced imaging, the mass reveals heterogeneous well- 
enhancement including the necrotic or cystic portion (asterisk) 
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Fig. 11.2 (continued) 
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12. Benign Prostatic Hyperplasia 


Fig. 12.1 BPH ina 70-year-old man. (A and B) Transrectal US images peripheral hypoechoic rim (arrows) representing a pseudocapsule. Note 
in axial (A) and midsagittal (B) planes show a large, heterogeneous, nonspecific calcification (arrowhead). (C) Color Doppler US shows 
slightly hypoechoic nodular mass in the central gland surrounded by a flow signals (arrows) along the margin of the nodular mass 
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Fig. 12.2 BPH in a 75-year-old man. (A and B) Axial (A) and sagittal 
(B) T2-weighted images show nodular enlargement of the TZ with hetero- 
geneously low signal intensity (asterisk). The nodular mass is surrounded 
by a peripheral low-signal rim (arrows) representing a pseudocapsule. The 
mass has relatively low-signal intensity compared with normal PZ. Note 
a midline cyst (arrowhead). (C) On axial T1-weighted image, the mass 


shows intermediate signal intensity containing focal high-signal lesions. 
(D) On axial dynamic contrast-enhanced imaging, the mass reveals het- 
erogeneous well-enhancement (asterisk). (E) On axial ADC map image, 
the mass demonstrates heterogeneously low signal intensity (asterisk) 
compared with the normal PZ 
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Fig. 12.3 Nodular BPH in a 82-year-old man. (A) Transrectal US in 
the axial plane shows a well-defined, nodular mass in the central gland 
surrounded by a thin hypoechoic rim (arrows) representing a pseudo- 
capsule. (B) Transrectal US in the axial plane (upper level compared 
with A) demonstrates a well-defined, heterogeneous echoic mass (aster- 
isk) between both seminal vesicles (SV). The mass has echogenicity 
similar to BPH nodule. (C) Color Doppler US in sagittal plane shows 
that the mass (asterisk) has contacted the prostate (P). Subsequent 
US-guided biopsy confirmed exophytic nodular BPH 
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13. Acute Prostatitis 


Fig. 13.1 Acute prostatitis in a 78-year-old man. (A) Transrectal US in 
axial plane shows a swollen prostate with diffuse, heterogeneous 
hypoechogenicity. Note that the urethra is prominent with edematous 
wall (arrows). (B) Color Doppler US of the prostate demonstrates dif- 
fusely increased vascularity in the prostate, especially in the posterolat- 
eral PZ of both lobes 
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ig. Acute prostatitis in a 44-year-old man. (A) Power Doppler 
US of the prostate shows enlarged prostate with diffuse, heterogeneous 
echogenicity with posterior hypoechogenicity (arrows). Note that the 
vascularity of the prostate is diffusely increased. (B) Axial contrast- 
enhanced CT scan shows an enlarged prostate with diffusely increased 
enhancement 
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14. Prostatic Abscess 


Fig. 14.1 Multifocal prostatic abscesses in a 47-year-old man. (A and B) 
Axial contrast-enhanced CT scans show a swollen prostate including 
multiple, low-attenuated abscess cavities in the prostate. Note a Foley 
catheter in the urethra (arrow) 


2 Multifocal prostatic abscesses in an 81-year-old man. (A and B) 
Color Doppler US of the prostate shows enlarged prostate with increased 
vascularity. Note that multifocal, hypoechoic nodular lesions in the 
posterior portion of the prostate are seen, representing abscess cavities 
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Fig.14.3 Prostatic abscess in a 75-year-old man. (A) Axial T2-weighted 
image demonstrates well-defined, heterogeneous, high-signal lesions 
(asterisks) in both PZs of the enlarged prostate. (B) On axial T1-weighted 
image, the prostate shows intermediate or slightly low signal intensity. 
(C) Axial dynamic contrast-enhanced imaging reveals well-defined, 


complicated cystic lesions (asterisks) at the corresponding sites with 
the lesions of A. (D) On axial ADC map image, the lesions show low- 
signal intensity (asterisks) probably due to diffusion restriction in the 
abscess cavity 
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15. Chronic Prostatitis 


Fig. 15.2 Chronic prostatitis in a 52-year-old man. (A) Transrectal US 
in axial plane shows heterogeneous echogenicity of the prostate within 
a nonspecific calcification (arrow) in the left TZ. Note hypoechoic rim 
(arrowheads) in the periphery of the prostate. (B) Power Doppler US of 
the prostate shows slightly increased vascularity 


Fig. 15.1 Chronic prostatitis in a 47-year-old man. (A—C) Transrectal 
US in the axial plane (A) shows heterogeneous echogenicity of the 
prostate. Color Doppler US (B) reveals slightly diffuse increased vascu- 
larity in the prostate. Additionally, transrectal US in axial plane (C) 
demonstrates multifocal hyperechoic lesions (arrows) in both lobes. 
Note subtle hypoechoic rim (arrowheads) in the posterior periphery of 
the prostate 
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Fig. 15.3 Chronic prostatitis in a 54-year-old man. (A) Axial lesions in both PZs. (C) Axial ADC map image shows mild diffusion 
T2-weighted image shows subtle low signal lesions (arrows) in both restriction (arrows) of both PZs. These MR findings can mimic prostate 
PZs. (B) On axial dynamic contrast-enhanced imaging, the lesions cancer, especially cancer with a low Gleason score 

show heterogeneous enhancement (arrows) without focal nodular 


Illustrations 883 


16. Granulomatous Prostatitis 


Fig. 16.1 Granulomatous prostatitis ina 42-year-old man. (A) Transrectal vascularity of the lesions is not increased. These US findings can mimic 
US in axial plane shows several hypoechoic lesions (arrows) in the both prostate cancer 
PZs of the prostate. (B) On color Doppler US of the prostate, the 


Imaging for Seminal Tracts 


20 


Introduction 


Min Hoan Moon and Seung Hyup Kim 


Because of the close embryologic relationship of the seminal 
vesicle and the vas deferens with the urinary system, the 
seminal tract is a site where associated congenital anomalies 
are often found in men with congenital urinary tract anoma- 
lies. In addition, the seminal tract plays an important role in 
carrying out male reproductive function. This chapter reviews 
the normal anatomy of the seminal tract including the semi- 
nal vesicle, vas deferens, and ejaculatory duct, and discusses 
ultrasonographic (US), computed tomographic (CT), and 
magnetic resonance (MR) imaging features of the spectrum 
of seminal tract diseases, which is classified into five catego- 
ries: congenital anomalies, inflammations, infertility related 
conditions, tumors, and miscellaneous conditions. 


Anatomy 


The seminal vesicles are paired accessory sex glands 
composed of convoluted tubes, located posterior and supe- 
rior to the prostate. Their mucoid secretion helps activate 
spermatozoa. Normal seminal vesicles are usually symmet- 
ric and are considered dilated when axial diameter exceeds 
1.5 cm on imaging. The vas deferens is a continuation of the 
tail of the epididymis and courses through the inguinal ring 
as a part of the spermatic cord and along the superomedial 
aspect of the seminal vesicle, where it dilates to form the 
ampulla. The ampulla of the vas deferens joins the seminal 
vesicle to form the ejaculatory duct, which traverses the cen- 
tral zone of the prostate to open into the prostatic urethra on 
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either side of the verumontanum. The utricle is a male 
counterpart of the uterus, which is usually a small dimple on 
the surface of the verumontanum. In as many as 10% of nor- 
mal men, the utricle is larger and forms a slitlike aperture 
lying between the openings of the ejaculatory ducts and 
extending in a cephalad direction. Large persistent utricles 
are often associated with hypospadia or virilization defects. 


Imaging Studies 


Various imaging techniques including vasoseminal vesicu- 
lography, transrectal US, CT, and MR imaging have been 
used to demonstrate the seminal tracts. Although conven- 
tional vasoseminal vesiculography remains as the most defi- 
nite imaging modality for evaluation of the seminal tracts, 
the technique is invasive and is being replaced by noninva- 
sive transrectal US or MR imaging. 


Vasoseminal Vesiculography 


Vasoseminal vesiculography is an invasive technique to 
opacify seminal tracts by means of cannulation of a fine nee- 
dle into the vas deferens. Although the technique of cannula- 
tion without scrotal incision has been reported, it is usually 
done by open exposure of the vas deferens in the scrotum. 
Injection of small amount of water soluble contrast material 
sequentially opacifies vas deferens, ampulla of the vas defer- 
ens, seminal vesicle, and the ejaculatory duct, and then con- 
trast material flows into the posterior urethra and the bladder. 
Epididymal obstruction can be evaluated with vasoe- 
pididymography by injecting contrast material with the nee- 
dle directed distally. Vasoseminal vesiculography is usually 
performed to define the level of obstruction of the seminal 
tracts in men with azoospermia or severe oligospermia. 
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Transrectal Ultrasonography 


Transrectal US is being used as the first-line imaging modality 
for the evaluation of the seminal tracts. Transrectal US can 
also be used to guide a needle for aspiration of the dilated 
seminal tracts and instillation of contrast material to obtain 
radiographs. On transrectal US, normal seminal vesicles 
appear as symmetric, thin-walled, hypoechoic structures and 
have fine internal echoes. They may appear septated due to 
convolutions. Vas deferens appears as a tubular structure and 
its wall is thicker than that of the seminal vesicle. Normal 
ejaculatory ducts can be defined as a paired thin hypoechoic 
line coursing through the central zone of the prostate to the 
verumontanum. The actual lumina of the ejaculatory ducts is 
normally not visible on transrectal US. 


Computed Tomography 


Normal seminal vesicles are easily identified on CT as sym- 
metrical soft tissue structures of a bow-tie shape posterior to 
the urinary bladder and cephalad to the prostate. Normal 
seminal vesicles should be separated from the bladder by tri- 
angular fat plane, which is called seminal vesicle-bladder 
angle. 


Magnetic Resonance Imaging 


The superb soft tissue contrast and multiplanar capability of 
MR imaging enabled detailed evaluation of internal architec- 
ture of the seminal tracts. The resolution has been enhanced 
further with endorectal MR imaging. On T1-weighted 
images, the seminal vesicles show homogeneous low to 
intermediate signal intensity, and T2-weighted images well 
exhibits convolutions with high-intensity fluid and low- 
intensity walls. The vas deferens appears as a low-intensity 
tubular structure due to its thicker walls. 


Congenital Anomalies 


The common derivation of the seminal vesicles, vas defer- 
ens, and ureteric bud from the primitive mesonephric or 
wolffian duct explains frequent association of seminal tract 
and urinary tract anomalies. 


Agenesis 


Failure of development of a mesonephric duct results in 
agenesis of ipsilateral kidney, ureter, bladder hemitrigone, 
seminal vesicle, vas deferens, and ejaculatory duct, singly or 
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in combination. The vas deferens may be absent totally or 
partially and part of the epididymis also may be missing. 
Transrectal US is the study of choice for demonstrating 
absence of the vas deferens and seminal vesicle. Care should 
be taken because the pudendal venous plexus may simulate 
small seminal vesicles on imaging studies. 


Seminal Vesicle Cyst 


Seminal vesicle cysts are usually congenital in origin, but can 
be acquired as a result of inflammation or hyperplasia of the 
prostate. Abnormal development of the distal mesonephric 
duct causes atresia of the ejaculatory duct and formation of 
seminal vesicle cyst as well as failure of development of the 
ureteric bud, which results in renal agenesis or dysgenesis. 
Ipsilateral ureter may have an ectopic insertion into the meso- 
nephric duct derivatives, such as the bladder neck, prostatic 
urethra, ejaculatory duct, or seminal vesicle. Seminal vesicle 
cysts also can be associated with autosomal dominant poly- 
cystic kidney disease probably due to common structural 
defects in the basement membrane. 

Seminal vesicle cyst appears as a unilocular cystic struc- 
ture posterolateral to the bladder and may be complicated by 
infection or hemorrhage. Often imaging studies can demon- 
strate the dilated ipsilateral ureter inserting into the cyst. 
Occasionally cyst wall is calcified. Small dysplastic ipsilat- 
eral kidney is often difficult to be demonstrated. 

Seminal vesicle cysts can be punctured under transrectal 
US guidance and the aspirate usually reveals a viscous, 
brownish fluid that contains dead sperm. Instillation of con- 
trast material following aspiration may demonstrate the rela- 
tion of the cyst with the seminal and urinary tracts. 


Inflammation 
Seminal Vesiculitis 


Seminal vesiculitis and abscess are usually found in asso- 
ciation with inflammation of the prostate and vas defer- 
ens. Predisposing factors of seminal vesiculitis include 
urinary tract infection, instrumentation, indwelling cath- 
eters, diabetes, status postvasectomy, and anatomic abnor- 
malities. The seminal vesicle is usually enlarged in acute 
inflammation but is shrunken in chronic stage. US echo- 
genicity and signal intensity on MR imaging are variable 
according to the stage of inflammation and association 
with hemorrhage. On vasoseminal vesiculography, the 
inflamed vas deferens may show a feathery appearance 
due to multiple small vasal diverticula. In chronic inflam- 
mation, vas deference may show a beaded appearance due 
to strictures and dilatation. 


Introduction 
Tuberculosis 


Seminal vesicle tuberculosis results from either upper urinary 
tract tuberculosis or primary genital tuberculosis. Tuberculosis 
of the seminal vesicle is usually associated with tuberculosis 
of the prostate and vas deferens. The seminal vesicles and vas 
deferens involved with tuberculosis demonstrate internal 
debris, wall thickening, contraction, or calcification. 


Infertility-Related Conditions 
Ejaculatory Duct Obstruction 


Ejaculatory duct obstruction (EDO) is one of the important 
causes of male infertility, and the condition is receiving 
increasing attention because those lesions are potentially 
curable with endoscopic surgery. The condition is not as 
rare as previously thought, and may be either congenital or 
acquired. Two-thirds of EDO is considered congenital in 
origin and the remainder as caused by inflammation or 
trauma. Chronic infection or inflammation of the prostate 
resulting in calcifications along the ejaculatory duct has 
been proposed as a cause of partial EDO. Compression of 
the ejaculatory duct by a miillerian duct cysts or utricular 
cyst may also cause partial EDO. Transrectal US can easily 
differentiate patients with low ejaculatory volumes second- 
ary to impaired seminal vesicle secretion from those with 
large vesicles due to EDO. 


Congenital Absence of Bilateral Vas Deferens 


Congenital absence of bilateral vas deferens (CABVD) is one 
of the most common causes of obstructive azoospermia and 
occurs because of a mutation in the cystic fibrosis transmem- 
brane regulator gene (CFTR). The presumed mechanism for 
CABVD is that the mutation in CFTR gene causes abnormal 
glycoprotein secretion from the epididymis and leads to subse- 
quent obstruction in a distal genital duct, with progressive dis- 
tal genital duct atrophy. Transrectal US is the procedure of 
choice for demonstrating bilateral absence of the vas deferens. 


Midline Cyst 


The classification of cysts involving the prostate and seminal 
tracts is based on their position and embryologic origin. The 
utricular cyst, miillerian duct cyst, and ejaculatory duct cyst 
are all located at or near the midline, and therefore they are 
collectively called midline cyst. Utricular cysts are of endo- 
dermal origin, usually smaller than miillerian duct cysts, com- 
municate with the prostatic urethra, and often associated with 
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hypospadias. Miillerian duct cysts are of mesodermal origin, 
often extend well above the prostate, do not communicate 
with the prostatic urethra, and are not associated with genital 
anomalies. Ejaculatory duct cysts or wolffian duct cysts have 
connection with vas or seminal vesicles, and thus could be 
differentiated from utricular cysts or miillerian duct cysts by 
the presence of sperm in their content. The differentiation 
among these cysts is theoretically clear but often difficult on 
imaging studies. Ejaculatory duct cysts are the consequence 
of the obstruction of the ejaculatory duct, whereas both utric- 
ular cysts and Miillerian duct cysts may compress the ejacula- 
tory duct resulting in obstruction of the ejaculatory duct. 


Tumors 


A variety of primary tumors, either benign or malignant, can 
occur in the seminal vesicles from either epithelial or mesen- 
chymal elements. Among them malignant tumors include 
adenocarcinoma, sarcoma, and seminoma, whereas benign 
tumors include leiomyoma, fibroma, cystadenoma, and der- 
moid cyst. Secondary involvement of the seminal vesicle by 
tumors of the urinary bladder, prostate, or rectum is more 
common than primary tumors of the seminal vesicle. 
Usually the imaging findings of seminal vesicle tumors are 
nonspecific, but cystadenoma appear as a multicystic lesion. 
Endorectal MR imaging can detect invasion of the seminal 
vesicle by tumors of the adjacent organs before the develop- 
ment of contour changes. The high signal intensity of the nor- 
mal seminal vesicle is replaced by low intensity tumors on 
T2-weighted images. Care should be taken not to interpret 
normal ampulla of the vas deferens as a sign of secondary 
invasion because it normally has thick, low-intensity walls. 


Miscellaneous Conditions 
Hematospermia 


The most common cause of hematospermia is inflammation 
of the seminal tracts. In men older than age 40, 5-10% of the 
cases of hematospermia is caused by carcinoma of the pros- 
tate. MR imaging well demonstrates the hemorrhagic fluid in 
the seminal vesicle by high signal intensity on T1-weighted 
image and low-signal intensity on T2-weighted image. 


Calcification of the Seminal Tract 


Calcification of the seminal vesicle and vas deferens may be 
seen with diabetes, tuberculosis, schistosomiasis, chronic 
renal failure, and advanced age. Calculi may also develop in 
dilated seminal vesicles due to EDO. 
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1. Seminal Tracts: Normal Findings 
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F 1.1 Normal transrectal US findings of the seminal tracts. (A) 
Transrectal US in transverse plane shows right and left seminal vesicles 
(arrows) that demonstrate homogeneous, medium-level echoes without 
definable walls. (B and C) Transrectal US images in oblique planes 
along the long axis of the right (B) and left (C) seminal vesicles (arrow) 
show homogeneous, medium-level echoes and no measurable wall. (D) 
When the transducer is directed at a slight cranial angle, the vas deferens 


is demonstrated as a tubular, hypoechoic structure (arrows). Also note 
that the wall of the vas deference is thin. (E) Normal ejaculatory duct 
seen on transrectal US. Transrectal US image in right parasagittal plane 
along the course of the ejaculatory duct shows the urethra (white arrows) 
and ejaculatory duct (arrowheads) appearing as linear hypoechoic struc- 
tures. Black arrow indicates site of the verumontanum 
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Fig. 1.2 Transrectal US findings of normal seminal vesicles in a prostate is homogeneous. (B) The seminal vesicle (arrows) and vas def- 
51-year-old man with mild prostatic hyperplasia. (A) Transrectal US in erens (arrowheads) are seen on the same image due to elevation of 
transverse plane shows a nodule of benign prostatic hyperplasia these structures by the enlarged prostate 

(arrows) containing mottled calcifications. The echogenicity of the 
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Fig. 1.3 Normal MR imaging findings of the seminal vesicles in a 
67-year-old man. (A) Tl-weighted MR image shows symmetric, 
bow-tie-shaped, low-intensity seminal vesicles (arrows) between the 
urinary bladder and rectum. (B) T2-weighted MR image shows homo- 
geneous, high-intensity content and low-intensity wall of the seminal 
vesicles. A low-intensity lesion floating in the urinary bladder on 


(A and B) (arrowhead) is an air bubble in the urinary bladder that was 
introduced during cystoscopy. (C) Contrast-enhanced T1-weighted MR 
image reveals slight enhancement of the wall of the seminal vesicles. A 
horizontal, high-intensity layer in the bladder (arrowheads) represents 
a layer of excreted contrast material in low concentration 
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Fig. 1.4 Normal vasoseminal vesiculography. Both vas deferens 
are cannulated with a needle in the scrotal level and injection of 
contrast material demonstrates both vas deferens (arrowheads), 
seminal vesicle (arrows), and ejaculatory duct (open arrows). Note 
that the contrast material opacifies the urinary bladder indicating 
patent ejaculatory duct 
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2. Inflammatory Diseases of the Seminal Tracts 


Chronic inflammation of the seminal vesicle and vas deferens Chronic seminal vesiculitis in a 34-year-old man. (A and B) 
in a 44-year-old man. (A and B) Transrectal US images of the right (A)  Transrectal US images of the right (A) and left (B) seminal vesicles show 
and left (B) seminal vesicles (arrow) and vas deferens (arrowheads) increased echogenicity and wall thickening. Note small calcifications 
show thickened wall and increased internal echogenicity due to chronic (arrows on A) attached to the thickened wall of the right seminal vesicle 
inflammation in those structures 


Diffuse inflammation of the seminal vesicles in a 39-year-old 
man. Transrectal US in an oblique plane along the left seminal vesicle 
shows diffusely increased echogenicity and thickened wall (arrowheads) 


Illustrations 


3. Calcifications in the Seminal Tracts 


| 


a 


Fig. 3.1 Calcification of the vas deferens in a 44-year-old man with 
diabetes mellitus. Plain radiograph shows tortuous, tubular, tramline 
calcifications in the vas deferens (arrowheads) 


Fig. 3.2 Calcification of the vas deferens in a 59-year-old man with 
left nephrectomy. Contrast-enhanced coronal reformatted CT scan 
shows tubular calcification of both the vas deferens (arrowheads) above 
the seminal vesicles (arrows) and the prostate (open arrow) 
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Fig. 3.3 Calcification of the vas deferens in a 69-year-old man. Color 
Doppler US of the right vas deferens shows echogenic lesions (arrows) 
that accompany color twinkling artifacts (arrowheads) suggesting 
calcifications 


Fig. 3.4 Calcifications of the Cowper’s gland in a 78-year-old man. 
TVU image of the urinary bladder shows small, symmetric calcifica- 
tions (arrowheads) just below the symphysis pubis indicating calcifica- 
tions of the Cowper’s glands 
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4. Midline Cysts 


Fig. 4.1 Midline cyst in a 23-year-old man. (A) Transrectal US with an 
end-firing transducer in transverse plane shows an ovoid midline cyst 
(arrow). The cyst has a thin wall and anechoic content. (B) The midline 
cyst appears as tear-drop-shaped, anechoic cyst (arrow) with thin wall 
on longitudinal scan. B urinary bladder 


A midline cyst with wall calcifications in a 28-year-old man. 
(A and B) Transrectal US images in transverse (A) and longitudinal (B) 
planes show a round midline cyst (arrows) with calcified wall in the 
base of the prostate. Note that the content of the cyst is not clear, sug- 
gestive of a complicated cyst. B bladder 


Midline cyst in a 48-year-old man. Transrectal US in longitu- 
dinal plane shows a teardrop-shaped midline cyst (curved arrow). Note 
that the neck (arrow) of the midline cyst is close to the verumontanum 
(open arrow) 


Illustrations 
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Fi | An ejaculatory duct cyst with seminal vesicle hemorrhage in 
a 36-year-old man. (A and B) T2-weighted MR image in transverse 
plane (A) and sagittal plane (B) shows a cyst (arrows) in the prostate 
gland. Note that the cyst has a fluid-fluid level on transverse plane. The 
low intensity (curved arrow) in the dependent portion of the cyst repre- 


sents hemorrhagic content. (C) T2-weighted MR image in transverse 
plane at the level of the seminal vesicles shows that the seminal vesicles 
(arrows) are swollen. (D) T1-weighted MR image in transverse plane at 
the same level shows that the seminal vesicles (arrows) has high signal 
intensity indicating hemorrhagic content 
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Fig. 4.5 A calcified midline cyst in a 44-year-old man with 
hemospermia. (A) Contrast-enhanced CT shows round midline cysts 
(arrows) that contain calcifications (arrowheads). (B) Vasoseminal 
vesiculography with injection of contrast material into the right vas 


deferens opacifies the right vas deferens (arrowheads), right seminal 
vesicle (R), and a large midline cyst (asterisk). Left seminal vesicle (L) 
and vas deferens (arrows) were opacified by previous injection on the 
left side 


Illustrations 


5. Seminal Vesicle Cysts 


A large seminal vesicle cyst in a 28-year-old man with normal 
urinary tract. (A) Transrectal US of the left seminal vesicle shows a 
large cyst (arrows) with thin wall and anechoic content. (B) T2-weighted 
MR image in axial plane shows a cyst (arrows) with homogeneous high 
signal intensity in the left seminal vesicle 
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A seminal vesicle cyst continuous with a rudimentary ureter 
in a 30-year-old man with unilateral renal agenesis. (A) Transrectal 
US-guided injection of contrast material into a cyst in the left seminal 
vesicle opacifies a large cyst (asterisk) continuous with the left vas def- 
erens (arrowheads) and a vertical tubular structure (arrow). (B) 
Contrast-enhanced CT obtained after (A) shows the opacified cyst 
(asterisk) in the left seminal vesicle. (C) CT scan at higher level shows 
dilated, rudimentary left ureter (arrow) that was opacified by previous 
injection into the cyst. Compare the location of this structure with nor- 
mal right ureter (arrowhead). B urinary bladder 
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6. Ejaculatory Duct Obstruction 


Fig. 6.1 Bilateral complete obstruction of the ejaculatory ducts in a 
30-year-old infertile man. Bilateral vasoseminal vesiculography dem- 
onstrates complete obstruction of dilated ejaculatory ducts (asterisks). 
Note opacified seminal vesicles (arrows) and vas deferens (arrow- 
heads). Also note nonopacified urinary bladder indicating complete 
obstruction of the ejaculatory duct 
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Fig. 6.2 Partial obstruction of the ejaculatory ducts in a 33-year-old 
man. Vasoseminal vesiculography opacifies dilated ejaculatory ducts 
(asterisks) and seminal vesicles (arrows). Contrast material (arrow- 
heads) in the right seminal tract is due to previous injection of contrast 
material into the right vas deferens. Note that the urinary bladder is 
opacified with contrast material indicating that the ejaculatory duct 
obstruction is not complete 


Illustrations 903 


7. Transrectal US-Guided Procedures for Seminal Tracts 


A 36-year-old man who underwent transrectal US-guided 
aspiration and injection of contrast material. Plain radiograph shows an 
ovoid cyst (asterisk) that does not communicate with the seminal tracts. 
Note a needle (arrowheads) and the transducer of transrectal US 
(arrow) 


/.2 Partial obstruction of the ejaculatory duct evaluated with transrec- 
tal US-guided aspiration in a 25-year-old man. (A) Transrectal US in longi- 
tudinal plane shows dilated ejaculatory duct that has echogenic margin 
(arrows) suggesting wall calcification. (B) Transrectal US-guided aspira- 
tion was done and contrast material was injected into the dilated ejaculatory 
duct. Color Doppler US in the longitudinal plane, which was performed 
during the procedure, demonstrates flow of the fluid into the urethra (arrow- 
heads) and bladder (arrows). Open arrow indicates the tip of the needle in 
the dilated ejaculatory duct. (C) Plain radiograph in oblique projection that 
was obtained immediately after the procedure demonstrates the dilated 
ejaculatory duct (asterisk), left seminal vesicle (arrow), and left vas defer- 
ens (arrowheads). Note that the urinary bladder (B) is faintly opacified indi- 
cating partial obstruction of the ejaculatory duct 
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8. Tumors of the Seminal Tracts 
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Fig. 8.1 Metastasis to the seminal vesicles in a 33-year-old man who 
had testicular seminoma 2 years earlier. (A) Contrast-enhanced CT 
shows enlarged bilateral seminal vesicles with homogeneous attenua- 
tion (arrows). (B) Tl-weighted MR image shows homogeneous, inter- 
mediate signal intensity of the enlarged seminal vesicles (arrows). 
(C) T2-weighted MR image shows homogeneous, high attenuation of 


the enlarged seminal vesicles except a small, high attenuated, cystic 
lesion (arrow) in the left seminal vesicle (arrow). (D) Contrast-enhanced 
T1-weighted MR image demonstrates slightly heterogeneous enhance- 
ment of the masses in seminal vesicles and a small, nonenhancing, cys- 
tic lesion in the left seminal vesicle (arrow). B urinary bladder 
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Introduction 


Hyun Lee and Bohyun Kim 


The scrotum is a dual-sac of skin and muscle containing the 
testes, blood vessels, and part of the spermatic cord, divided 
by a septum. The most common problems include develop- 
ment of a mass, torsion, or epididymitis. Imaging is essential 
in the differential diagnosis of the scrotal diseases due to the 
limited role of physical examination. Ultrasonography (US) 
is generally recognized as the most useful tool in the evalua- 
tion of scrotal diseases. Magnetic resonance (MR) imaging 
can be used when US is equivocal or suboptimal or when 
there is a discrepancy between clinical and US findings. 

Clinical presentations often overlap among the different 
scrotal diseases, and misdiagnoses are quite common among 
testicular tumor, testicular torsion, and epididymitis, espe- 
cially in young men. Physical examination is often limited 
due to swelling and pain. Therefore, imaging is essential in 
the differential diagnosis of the scrotal diseases. 


Anatomy of the Testis and Epididymis 


The scrotal coverings consist of skin, the dartos tunic, exter- 
nal spermatic fascia, cremasteric muscle, internal spermatic 
fascia, and tunica vaginalis. The visceral layer of the tunica 
vaginalis surrounds the testis and epididymis and, along with 
parietal layer, contains a small amount of serous fluid. 
The testis is covered with inelastic tunica albuginea. In 
adults, normal testes are paired oval structures that measure 
2-3 cm in the anteroposterior axis, 2-4 cm in width, and 
3-5 cm in length. Each testis normally weighs between 12.5 
and 19 g. Each testis consists of 200—400 lobuli testis, which 
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are divided by fibrous septa called the septula testis. In each 
lobule, up to four seminiferous tubules exist. The seminifer- 
ous tubules drain into the rete testis, a meshwork of anasto- 
mosing tubules situated in the area of testicular hilum 
(mediastinum testis), via straight tubules. 

The epididymis is a highly convoluted epididymal duct 
system that lies on the posterior aspect of each testicle and 
connects with the vas deferens in the spermatic cord. It is 
subdivided into the head, body, and tail. Four testicular 
appendages, remnants of embryologic ducts, have been 
described: the appendix testis (a remnant of the parameso- 
nephric duct), the appendix epididymis (blind-ending tubules 
derived from mesonephric duct), the paradidymis, and the 
vas aberrans. Of these, the appendix testis in the upper pole 
of the testis and the appendix epididymis in the head of the 
epididymis are the most common. 

The spermatic cord is a pair of tubular structures that 
passes from the testis to the inguinal rings in the fascia trans- 
versalis. Each cord is ensheathed in three layers of connec- 
tive tissue and contains a network of arteries, veins, nerves, 
lymphatics, and the vas deferens. 

Blood is supplied to the testis and adjacent structures by 
three arteries: the testicular, deferential (a branch of the supe- 
rior vesicle artery), and cremasteric (a branch of the inferior 
epigastric artery). Both the right and left testicular arteries 
arise directly from the aorta. Venous blood from the testis and 
a part of the epididymis drains into the pampiniform plexus, a 
venous plexus above the testis extending into the distal sper- 
matic cord and becoming the testicular vein. The right testic- 
ular vein drains directly into the inferior vena cava, and the 
left vein into the left renal vein. 


Radiologic Modalities 
For imaging of the scrotum, US is usually the first-line imag- 
ing modality. Major indications include evaluation of a scro- 


tal mass or pain, scrotal inflammation, scrotal fluid collection, 
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varicocele, and impalpable testis. With the advent of color 
Doppler US, US became the most useful tool in the evalua- 
tion of scrotal diseases. It has largely replaced radioisotope 
scintigraphy in evaluating patients with acute scrotum. 

MR imaging can be used as a problem-solving modality. 
It is indicated when US is equivocal or suboptimal or when 
there is a discrepancy between clinical and US findings. MR 
imaging is particularly useful in localization of undescended 
testis, staging, and follow-up of testicular cancer especially 
in patients with previous lymph node dissection in whom 
clip artifacts degrade computed tomography (CT) images, 
and evaluation of scrotal trauma. 

Other rather infrequently used imaging modalities 
include CT, radioisotope scintigraphy, and angiography. 
Because of limited spatial resolution and risk of radiation 
damage to the testis, CT is not as commonly used for imag- 
ing of the scrotum. However, it is useful in localization 
of undescended abdominal testis and is most commonly 
used for staging of testicular cancer. Radioisotope scan 
can be used for the differential diagnosis of acute scrotum. 
Because of the availability and shorter imaging time, color 
Doppler US is more frequently used in this circumstance. 
Angiography is rarely used in the imaging of the scrotum 
except for the diagnosis and treatment of varicoceles and 
evaluation of impalpable testis. 


Ultrasonographic and Magnetic Resonance 
Imaging Anatomy 


On US, the normal testis has a homogeneous echo texture of 
medium echogenicity. The mediastinum testis is seen as an 
echogenic band of variable thickness and length extending 
caudally from the testicular hilum. The rete testis, a major 
constituent of the mediastinum testis, is usually not seen on 
US. Infrequently, however, it can be seen as a low-echoic 
area or a discrete cystic mass in which numerous tiny cysts 
are seen in the testiscular parenchyma. The latter condition is 
called as tubular ectasia of the seminiferous tubules and is 
often associated with distal obstruction and spermatocele. 
The tunica albuginea is usually not seen on US. The epididymis 
is seen as an elongated structure that surrounds the testis and 
measures 6-7 cm in length. The head, body, and tail of the 
epididymis vary in size, shape, and echogenicity. The echo- 
genicity of the epididymis is similar to or lower than that of 
the testis. However, sometimes it is more echogenic. The head 
of the epididymis is the largest and usually more echogenic 
than the body or tail due to more interfaces among the 
tubules. The appendix of the testis and the appendix of the 
epididymis are rarely seen on US. In patients with hydrocele, 
these appendages can be seen as small stalked structures in 
the upper testis or epididymal head. It is helpful to know the 
testicular volume in the evaluation of testicular growth and 
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function in adolescents or adults. US is generally recognized 
as the most reliable means of measuring in situ testicular vol- 
ume. Among the commonly used US formulas, the empirical 
formula of Lambert—length (ZL)xwidth (W)xheight 
(7) x0.71—provided better accuracy. Vascular resistance 
index (RI) obtained using the pulsed wave Doppler US can 
be useful in evaluating scrotal mass or vascular disease such 
as torsion or varicocele. RI measured in the intratesticular 
branches varies between 0.45 and 0.67 (mean, 0.62) in nor- 
mal tissue. 

On MR images, the normal testis is seen as a sharply 
demarcated oval structure with homogeneous signal intensity. 
It demonstrates intermediate signal intensity on T1-weighted 
images and high signal intensity on T2-weighted images. 
The tunica albuginea is seen as a thin strip of low signal 
intensity on both T1- and T2-weighted images. The mediasti- 
num testis appears as a characteristic low intensity stripe on 
T2-weighted images. The signal intensity of the epididymis 
is similar to that of the testis on Tl-weighted images and 
much lower than that of the testis on T2-weighted images. 


Radiological Findings 
Undescended Testis 


When the testis is not palpated in the scrotum, it may be 
due to agenesis (3-5%), ectopia (1%), retractile testis (up to 
70%), and true undescended testis (30%). Undescended tes- 
tis refers to a testis that has been arrested during its descent 
to the scrotum. The incidence at birth has been reported to be 
3.4% for full-term infants and 30.3% for premature infants. 
Approximately 70-77% of undescended testis will spontane- 
ously descend, usually by 3 months of age and the incidence 
declines to about 1% at the age of | year. Bilaterality has 
been reported to be about 10% of cases. Undescended tes- 
tis can be divided into three types by location: high scrotal, 
intracanalicular, and intra-abdominal. The high scrotal type 
is most common and the intra-abdominal testis is least com- 
mon. The relative incidence has been reported to be 66% for 
high-scrotal, 16% for intracanalicular, and 10% for intra- 
abdominal testis in a large study. The undescended testis is 
nonpalpable in about 20% of cases. Approximately 80% of 
nonpalpable testes are intracanalicular, and the remaining 
20% are intra-abdominal in location. The undescended testis 
is at increased risk for testicular malignancy. The most com- 
mon tumor occurring in undescended testis is seminoma. 
Prepubescent orchiopexy may lessen the risk. Association 
with other congenital conditions of seminal vesicle cyst, 
agenesis of the epididymis, vas deferens, or seminal vesicle 
represent common variations of undescended testis. 

For the diagnostic evaluation of undescended testis, US, 
MR imaging, CT, angiography, and laparoscopy can be used. 
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Owing to low cost and availability, US is often used as the 
primary imaging modality. Although US is the most practical 
approach, it has a small field of view and lacks in tissue con- 
trast and specificity. In contrast, owing to excellent tissue 
contrast, a large field of view, and multiplanar capability, MR 
imaging is more accurate than US in locating undescended 
testis. CT is reserved for the search of intra-abdominal testis. 

On US, the undescended testis is oval in shape and has 
homogeneous echotexture. It is often small and hypoechoic 
due to incomplete development of the germinal epithelium. 
The mediastinum testis in the undescended testis is a reliable 
structure to identify. US is relatively accurate in detecting 
high scrotal or intracanalicular testis but not as effective in 
depicting intra-abdominal testis as is CT or MR imaging. 

MR imaging is an excellent modality for demonstrating 
high scrotal and intracanalicular testis. The characteristic sig- 
nal intensities of the testis, epididymis, and inner structures 
such as the mediastinum testis facilitate accurate localization 
of undescended testis and differentiation from inguinal nodes, 
regressed testis, or the pars infravaginalis gubernaculi. 

Testicular venography was used for many years to local- 
ize undescended testis but now is less often used. The veno- 
graphic findings of undescended testis include demonstration 
of a pampiniform plexus, testicular parenchyma, or a blind- 
ending testicular vein. 


Testicular Tumors 


Testicular cancer is the most common malignancy among 
15- to 34-year-old men and accounts for 1% of all cancers in 
men. About 95% of testicular tumors are of germ cell origin. 
Common histologic types include seminoma (30-60%), pure 
embryonal carcinoma (3-4%), teratoma (5—10%), teratocar- 
cinoma (25%), and pure choriocarcinoma (1%). Tumors of 
more than one histologic type are mixed germ cell tumors 
(GCTs), accounting for about 60% of all GCTs. Non-germ 
cell tumors include gonadal stromal tumors, lymphoma, leu- 
kemia, and metastasis. Benign testicular tumors constitute 
only 3—4% of all testicular tumors, which include Leydig cell 
tumor, Sertoli cell tumor, gonadoblastoma, epidermoid cyst, 
and adrenal rest tumor (see Table 1). 

Cryptorchidism, gonadal dysgenesis, Klinefelter syndrome, 
chemical carcinogens, trauma, or orchitis increase the risk of tes- 
ticular tumors. Patients with testicular cancer often present with 
a lump or painless swelling of the testis. Approximately 10% of 
patients have scrotal pain, which may mimic epididymo-orchi- 
tis or testicular torsion. Reactive hydrocele is associated in 10% 
of patients. Approximately 10% of patients present with symp- 
toms of metastatic disease including a neck mass, cough, nau- 
sea, vomiting, back pain, and extremity swelling. Gynecomastia 
occurs in 5% of patients with germ cell tumors and in 30-50% 
of patients with Leydig and Sertoli cell tumors. 
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Table 1 Classification of testicular tumors (WHO, 1998) 


Germ cell tumors 
Precursor lesions 

Intratubular germ cell neoplasia 
Tumors of one histologic type 

Seminoma 

Embryonal carcinoma 

Yolk sac tumor 

Choriocarcinoma 

Teratoma 

Mature 

Immature 

With malignant transformation 
Tumors of more than one histologic type 
Sex cord and stromal tumors 
Leydig cell tumor 
Sertoli cell tumor 
Granulosa cell tumor 
Fibroma-thecoma 
Tumors with both sex cord and stromal cells and germ cells 
Gonadoblastoma 
Lymphoid and hematopoietic tumors 
Lymphoma 
Leuke mia 


Metastasis 


Germ cell tumors can be classified into seminomas and 
nonseminomatous germ cell tumors (NSGCTs) because of 
the differences in treatment and prognosis. Seminomas are 
often treated by retroperitoneal radiotherapy following 
orchiectomy, whereas NSGCTs are treated by retroperitoneal 
lymph node dissection and/or chemotherapy following initial 
orchiectomy. A “burned-out” germ cell tumor is a spontane- 
ously regressed testicular tumor that appears by its metasta- 
sis. It may have regressed with a fibrous or calcific scar due to 
vascular compromise from outgrowing its blood supply. 

US serves as the primary imaging modality for detection 
of testicular tumors. US is highly sensitive in detecting intrat- 
esticular lesions and differentiating intratesticular and extrat- 
esticular masses. CT is most commonly used for staging. MR 
imaging can be used as a problem-solving modality when 
there is a discrepancy between the clinical and US findings. 

On US, most testicular tumors are hypoechoic. However, 
they are sometimes hyperechoic or mixed echogenic. 
Whereas seminomas often show homogeneous echotexture, 
NSGCTs tend to demonstrate heterogeneous echotexture 
most commonly due to hemorrhage and necrosis. Cystic 
spaces are often seen in teratomas and dense echogenic foci 
caused by calcification, hemorrhage, or fibrosis are present 
in about 35% of NSGCTs. Color Doppler and power Doppler 
US exhibit hypervascularity in the most testis tumor except 
cystic and small tumors. 
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At the time of presentation, metastasis occurs in 20-25% 
of seminomas, and in more than 40% of NSGCTs. Most 
germ cell tumors spread through the lymphatics. The pri- 
mary draining site (sentinel nodes) is the aortocaval area 
from the right testis, and the left para-aortic area from the left 
testis just below the level of renal hilum. Subsequent spread 
into the retroperitoneal and iliac lymph nodes occurs. 
Lymphatics of the epididymis and spermatic cord drain into 
the external and internal iliac nodal chains. Scrotal wall 
involvement may result in inguinal node metastasis. 

Tumor markers such as a-fetoprotein, human chorionic 
gonadotropin, and lactic acid dehydrogenase, and CT are 
commonly used for the staging and follow-up of cancer 
patients. The accuracy of CT, when used with tumor marker, 
is reported to be 80-90%. MR imaging is as accurate as CT 
and can be used as a problem-solving modality. It has been 
reported that MR imaging is better than CT following up 
patients with previous lymph node dissection in whom the 
artifacts may cause severe image degradation on CT. 

On MR imaging, testicular tumors demonstrate a signal 
intensity similar to the normal testis on Tl1-weighted image 
and lower signal intensity than the testis on T2-weighted 
image. Seminomas are commonly homogeneously hypoin- 
tense on T2-weighted image, whereas NSGCTs often show 
heterogeneous and higher signal intensity. Although MR 
imagining has higher specificity than US in the differentiation 
of orchitis or hematoma from testicular tumor, it cannot dif- 
ferentiate benign from malignant testicular tumors and it is 
sometimes difficult to differentiate focal orchitis from tumors. 
Positron emission tomography (PET) has been reported to be 
useful in the evaluation of retroperitoneal lymph nodes and 
radiologic change after chemotherapy in testis tumor. 


Epididymal and Spermatic Cord Tumors 


Paratesticular tumors are rare and occur about one tenth as 
frequently as testicular tumors. Although most testicular 
tumors are malignant, most extratesticular tumors are benign. 
The most common paratesticular tumor is the benign ade- 
nomatoid tumor, frequently located in the epididymis. 
Papillary cystadenoma of the epididymis is often associated 
with von Hippel-Lindau disease. 

On US, adenomatous tumors are commonly seen as a 
well-marginated, slightly echogenic mass in epididymal tail 
or, less commonly, in the head. It is often difficult to differ- 
entiate the tumor from sperm granuloma. Papillary cystade- 
nomas are seen as a unilocular or multiseptated cystic to 
solid mass in the head of the epididymis. 

In the spermatic cord, rhabdomyosarcoma is most common. 
Lipoma is the second most common tumor in the spermatic 
cord. Other mesenchymal sarcomas including leiomyosar- 
coma, liposarcoma, fibrosarcoma, and malignant fibrous 
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histiocytoma are more common than their benign counterparts. 
Mesothelioma, originating from the tunica vaginalis, can occur 
in the scrotal wall. About 15% of the tumors are malignant. 

The tumors of the spermatic cord or scrotal wall may dem- 
onstrate a soft tissue mass on US. However, US is often lim- 
ited due to a small field of view and nonspecific findings. MR 
imaging can be useful in differentiating these tumors from 
other pathology such as inguinal hernia and in evaluating the 
tumor extent. 


Testicular Microlithiasis 


Histologically, testicular microlithiasis represents calcified 
concretions within the lumen of the seminiferous tubules. It 
is often associated with cryptorchidism, testicular tumor, 
Klinefelter syndrome, male pseudohermaphroditism, AIDS, 
pulmonary alveolar microlithiasis, and infertility. Although 
it is not known whether testicular microlithiasis is directly 
related to development of testicular cancer, a high associa- 
tion between microlithiasis and tumor has been reported. 
Although there are some controversies, it may be prudent to 
follow-up these patients annually using ultrasound. 

The microliths are seen on US as multiple tiny (1-2 mm in 
diameter), disseminated, echogenic foci throughout the testis. 
They commonly involve both testes and usually do not accom- 
pany acoustic shadowing. On MR imaging, testicular microliths 
may be seen as tiny low signal spots but are often not detected. 


Testicular Torsion 


Testicular torsion is defined as “rotation of the testis on the 
longitudinal axis of the spermatic cord.” As any delay in the 
diagnosis of testicular torsion may result in irreversible loss 
of testicular function, prompt and accurate diagnosis is 
essential. Testicular salvage rate is nearly 100% within the 
first 6 h after the onset of symptoms, 70% in 6-12 h, and 
20% in 12-24 h. 

Testicular torsion can be classified as extravaginal and 
intravaginal types, based on the site of twisting. Extravaginal 
type is a rare type that occurs in utero and is found exclu- 
sively in newborns. Intravaginal torsion is most common 
form, in which the torsion occurs within the tunica vaginalis. 
The bell-clapper deformity, in which the testis is almost 
completely covered by the tunica vaginalis, often predis- 
poses to intravaginal testicular torsion. 

Approximately two thirds of cases with testicular torsion 
occur between 12 and 18 years of age. It is the most common 
cause of acute scrotal pain in this age. Typical symptoms 
include sudden scrotal pain and swelling. Patients usually 
have nausea, vomiting, and a low-grade fever, but their urine 
analysis is frequently clear. Typically, the pain radiates to the 
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ipsilateral inguinal region or lower abdomen. Differentiation 
of torsion from epididymitis is often difficult. 

US findings vary with the duration and degree of rotation 
of the spermatic cord. Grayscale US findings are nonspecific. 
Torsed testis may be enlarged with normal or decreased 
echogenicity 4-6 h after the onset of torsion and heteroge- 
neous echotexture at 24 h after onset. The epididymis may be 
enlarged with decreased echogenicity, as well. Edema of 
scrotal skin and reactive hydrocele are often associated. 
Color Doppler US is an excellent modality for the diagnosis 
of testicular torsion, with reported sensitivity of 86%, a spec- 
ificity of almost 100%, and an accuracy rate of 97%. Lack of 
testicular perfusion can be easily depicted on color Doppler 
and power Doppler US. Although decreased testicular perfu- 
sion can also be assessed on radioisotope scintigraphy, 
Doppler US is now more often used than scintigraphy. 

MR imagining can be used as a problem-solving modality 
when color Doppler US findings are inconclusive. It is advo- 
cated particularly in the subacute phase of torsion. On MR 
imagining, the testis may be normal or enlarged and may dem- 
onstrate heterogeneous low signal intensity on T2-weighted 
images. The epididymis is often displaced anteroinferiorly. 
A twisted cord can be seen as multiple, low intensity radiating 
structures in a “whirlpool pattern” and the point of the twist 
may be seen as an area of signal void (“torsion knot”). If pres- 
ent, these findings are specific for testicular torsion. 


Appendiceal Torsion 


In children, appendiceal torsion occurs as commonly as tes- 
ticular torsion, accounting for 20-40% of cases of acute 
scrotum in the pediatric age group. Out of four appendages 
of the testis and epididymis, 91-95% of appendiceal torsions 
involve the appendix testis in boys aged 7-14 years and most 
of the rest occur in the appendix epididymis. 

Although torsion of an appendage may be asymptomatic, 
affected patients commonly present with the signs of acute 
scrotum. The onset of symptoms is less sudden and initially 
the pain may be localized to the upper part of the hemiscro- 
tum. In early stage, the torsed appendix may show a character- 
istic bluish discoloration (“blue dot”) through the overlying 
skin. 

US is the primary imaging modality for the diagnosis of 
appendiceal torsion. A torsed appendix may be seen as a size 
of 5 mm or larger, spherical shape, avascular hypoechoic 
mass with increased periappendiceal flow or an echogenic 
extratesticular mass in the epididymotesticular groove. 
The testis and epididymis are normal in shape and echogenic- 
ity. The adjacent epididymal head may be enlarged. On color 
Doppler US, preservation of normal blood flow in the testis 
and epididymis can be helpful in the differentiation from 
testicular torsion. 
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Epididymitis and Orchitis 


Epididymitis is the most common cause of acute scrotum in 
adult men. The patients with acute epididymitis present with 
scrotal pain, fever, and swelling. On physical examination, the 
epididymis and spermatic cord are tender and swollen. The 
scrotal pain is usually relieved by elevation of the scrotum 
(Prehn’s sign). The presence of urethritis and localized swell- 
ing in distal epididymis may help the diagnosis of epididymitis. 
Reactive hydrocele and skin thickening are often associated. 

US is the primary modality for evaluation of acute 
epididymitis and epididymo-orchitis. Color Doppler US is 
useful in differentiating epididymitis from torsion. In acute 
stage the epididymis is markedly enlarged with heterogeneous 
echotexture. The echogenicity of the epididymis is often 
reduced. Epididymal abscess can be diagnosed when a well- 
circumscribed hypoechoic lesion is seen within the enlarged 
epididymis. In the chronic stage, US findings are often non- 
specific. Only moderate enlargement of the epididymis may 
be seen. The diagnosis of epididymo-orchitis can be made 
when the heterogeneous echogenicity in the testis is focal or 
diffuse. The diagnosis can be more confidently made if color 
Doppler US demonstrates increased vascularity or resistive 
index of less than 0.5 in the epididymis and/or testis. 

On MR imaging, the epididymis is enlarged and demon- 
strates heterogeneous high signal intensity on T2-weighted 
images. The spermatic cord is often thickened and may show 
multiple, engorged vessels with signal void. In chronic 
epididymitis, the epididymis is enlarged and demonstrates 
low signal intensity. Associated orchitis may demonstrate 
hypointense lesion within the testis. 


Scrotal Trauma 


Scrotal trauma often results from direct or straddle injury. 
Blunt trauma is the most common cause of scrotal injury, 
followed by penetrating injury. Direct injury may result in 
hematoma, hydrocele, hematocele, testicular fracture, or 
testicular rupture. As surgical intervention is indicated for 
testicular rupture and massive intratesticular hematoma, 
assessment of the tunica integrity and the extent of scrotal 
hematoma is essential. Caution should be taken when evalu- 
ating patients with scrotal trauma, as 10-15% of testicular 
tumors first present with an acute onset of scrotal trauma. 
US is the primary imaging modality for the evaluation of 
scrotal injury. Interruption of the echogenic tunica albuginea, 
fluid collections, and vascular injury can be accurately 
assessed with US. Characteristic US findings include irregu- 
lar testicular contour with heterogeneous hypoechoic or 
hyperechoic lesions caused by hemorrhage or infarction. 
However, fracture lines are rarely seen, and a minor tear in 
the tunica albuginea without intratesticular hematoma or 
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hematocele can be missed on US. Color Doppler US can be 
helpful in assessing testicular perfusion. Owing to high tis- 
sue contrast and multiplanar capability, MR imaging can be 
helpful in assessing the integrity of the tunica albuginea. 
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1. Normal US, MR, CT Findings of the Scrotum 


Fig. 1.1 Anatomy of the scrotum A 
and its contents. (A) Schematic 

drawing of the scrotum. 

(B) Schematic drawing of the 

testis and epididymis. (C) 

Specimen of the normal scrotum 


Scrotal septum 

Ductus deferens 
Epididymis 

Parietal tunica vaginalis 
Cavum serosum 
Visceral tunica vaginalis 


Appendix epididymis 
Appendix testis 
Tunica vaginalis 
Internal spermatic fascia 
Cremasteric layer 
External spermatic fascia 


Skin 
Dartos layer 


B 
Head of epididymis 


Ductus deferens 
(vas deferens) 


Rete testis Efferent duct 


Body of epididymis 
Mediastinum testis 


Straight tubule 


Seminiferous tubules 


Tunica albuginea Tail of epididymis 
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Fig. 1.1 (continued) 


1.2 Normal US of the testis and epididymis in a 42-year-old man. 
(A) Transverse US of the right testis shows homogeneous, intermediate 
echoes of the testis and part of epididymis (E) and mediastinum testis 
(arrow). (B) Longitudinal US along the course of the epididymal body 
shows homogeneous echoes of the epididymis. Note that the echoge- 
nicity of the epididymis is slightly lower than that of the testis and the 
body (B) of the epididymis tends to be slightly less echogenic than the 
head (H). (C) Normal testicular comparison on transverse US. Note the 
mediastinum testis (arrow) 
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Normal US of the testis showing prominent seminiferous 
tubules in a 83-year-old man. Longitudinal US of the right testis shows 
prominent, linear, hypoechoic structures throughout the testis repre- 
senting prominent seminiferous tubules (arrows) 


021 


V1 = 0.107m/s 
¥2 = 0.038m/s 


Normal Color Doppler US of the testis in a 40-year-old man. 
Transverse color Doppler US of the left testis shows normal capsular P H @=60° Inverted 
vessels and branching intratesticular vessels 


i Normal US of the testis showing prominent linear, intrates- 
ticular vessels appearing as a hypoechoic band called as transmediasti- 
nal artery. (A) Transverse US shows a linear, hypoechoic band (arrow) 
obliquely traversing the testis. (B and C) Color Doppler and spectral 
Doppler US from the intratesticular artery obliquely traversing the tes- 
tis show arterial blood flow and a typical low resistance waveforms with 
high levels of diastolic flow 


Illustrations 


The appendix testis and appendix epididymis in a 79-year-old 
man with hydrocele. (A and B) Longitudinal US demonstrates an 
appendix testis (arrow) attached to the cranial portion of the testis (T) 
and appendix epididymis (arrowhead) attached to the head of the 
epididymis (E). These structures are well visualized against surround- 
ing hydrocele 
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The testis and epididymis in a 53-year-old man with hydro- 
cele on CT. (A) Contrast-enhanced CT scan of scrotum shows both tes- 
tis (7) and comma-shaped left epididymis (arrowheads) separated by a 
midline septum (arrow). Presence of hydrocele facilitates its visualiza- 
tion. (B) CT scan at upper level shows right testis (7), epididymis (£), 
and left spermatic cord (arrows). 
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Fig. 1.8 Normal MR of the scrotum in a 41-year-old man. (A and B) albuginea (arrows) appears as a thin strip of low signal intensity on T1- 
Normal testis (7) has homogeneous appearance, with intermediate sig- and T2-weighted images. Note the mediastinum testis (arrowhead) and 
nal intensity on Tl-weighted MR image (A) and high signal intensity epididymis (E) 

on T2-weighted MR image (B) relative to skeletal muscle. The tunica 
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2. Spermatocele and Dilated Seminiferous Tubules and Ductules 


Fig. 2.1 Spermatocele in a 50-year-old man. Longitudinal US of the 
left scrotum demonstrates an anechoic cyst (C) in the epididymal head 
(arrows) 


A large spermatocele with dilated efferent ductules in a 
62-year-old man. Longitudinal US demonstrates a large tubular cystic 
lesion (C) in superior aspect of the right testis (7). Multiple small cystic 
or tubular anechoic structures within right testis and in lateral aspect of 
the right testis represent dilated rete testis (arrowheads) and efferent 
ductules (arrows) 


ig. 2.3 Cystic change of the rete testis in a 66-year-old man. (A and B) 
Transverse and color Doppler US of right testis show anechoic, multiple 
tubular lesions in the mediastinum testis, with no evidence of flow. 
(C) Transverse US shows that there are associated large spermatocele 
(C) with septation and internal echoes around the both testis (T) 
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3. Undescended Testis 


F 1 Undescended testis in the superficial inguinal pouch in a 
34-year-old man. Longitudinal US of left testis reveals an oval, small 
testis (T), which is slightly hypoechoic relative to contralateral normal 
testis. Right testis is not shown 


Bilateral intra-abdominal testis associated with right renal 
agenesis in a 29-year-old man. (A-C) Contrast-enhanced CT scans 
show bilateral intra-abdominal testis (arrows) behind the ascending and 
descending colons, and empty right renal fossa 


Undescended intra-abdominal testis outside the internal 
inguinal ring in a 25-year-old man. (A and B) Color Doppler US and 
T2-weighted axial MR image of the lower pelvis show right intra- 
abdominal testis (arrows) outside the internal inguinal ring. B bladder 
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Fig. 3.4 Torsion of undescended testis in a 13-year-old boy. inguinal pouch shows the torsion knot of the spermatic cord (arrow). 
(A) Longitudinal color Doppler US of the right superficial inguinal (C) Follow-up longitudinal color Doppler US taken 1 month later reveals 
pouch reveals an elliptical, small and hypoechoic undescended testis (T) a normal testis with vascular perfusion 

with no vascular perfusion. (B) Transverse US of the right superficial 


Fig. 3.5 Testicular feminization syndrome (androgen insensitivity 
syndrome) in a 21-year-old women presented with primary amenor- 
rhea. (A and B) T2-weighted MR images of the cranial (A) and caudal 
(B) parts of the pelvis show bilateral undescended testes (arrows) and 
their communicating cord-like structure (arrowheads). (C) T2-weighted 
sagittal MR image of the pelvis shows normal vagina (arrows) although 
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Rt. gonad 


there is absence of uterus. (D and E) Laparoscopy shows that there are 
right undescended testis and its communicating cord-like structure 
(arrows). (F) Diagram of the undescended testes and their communicat- 
ing cord after surgical management. (G) Cytogenetic report shows the 
normal male karyotyping 46 XY 
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4. Testicular Tumors: Seminoma 


¥1 = 0.090m/s 
V2 = 0.018m/s 
RI = 0.80 

$/D = 5.00 


Anaplastic seminoma in a 21-year-old man. (A and B) T2-weighted sagittal MR image shows that the tumor has homogeneous 
Transverse and color Doppler US of the left testis shows a relatively low signal intensity. (D) Gross specimen of the removed testis shows a 
homogeneous hypoechoic mass with low resistance blood flow. (C) relatively homogeneous tumor 
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Seminoma with multinodular shape in a 27-year-old man. (A) 
Longitudinal US of the left testis shows a homogeneous, hypoechoic, 
and multinodular intratesticular solid mass. (B) Gross specimen of left 
testis shows homogeneous mass with lobulated contour 


Fig. 4.3 Seminoma occupying most of the testis in a 41-year-old man. 
(A and B) Transverse and longitudinal US of the left testis show a het- 
erogeneous hypoechoic mass replacing the whole testis 
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Fig. 4.4 Seminoma with cystic components in a 33-year-old man. 
(A and B) Longitudinal US and contrast-enhanced CT scan of the left 
testis show a solid and cystic, heterogeneous hypoechoic mass replac- 
ing nearly whole testis. Cystic area corresponds to the dilated rete testis 
caused by tumor-related occlusion and liquefaction necrosis. (C) Gross 
specimen of left testis with heterogeneous tumor involvement 


927 


ig. 4.5 Seminoma associated with microlithiasis in a 37-year-old 
man. (A and B) Longitudinal and color Doppler US of the left testis 
show a relatively homogeneous hypoechoic mass with hypervascular- 
ity. The left testicle has numerous tiny diffuse hyperechoic foci scat- 
tered throughout the parenchyma. (C) Gross specimen of the removed 
testis correlates well with the US findings. Note the large tumor and 
remnant testis (T) 


928 21 Scrotum 


5. Testicular Tumors: Nonseminomatous Germ Cell Tumors 


Fig. 5.1 Malignant teratoma in a 24-year-old man. (A) Longitudinal testicular mass (arrows) with cystic material and calcification (arrow- 
US of the right testis shows a solid and cystic mass with heteroge- head). Mature teratoma in children is often benign, but teratoma in 
neous echogenicity. (B-D) T2-weighted coronal (B), Tl-weight axial adults is usually malignant 

(C), and fat-suppressed T1-weighted axial (D) MR images show right 
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Fig.5.2 Metastatic choriocarcinoma in a 19-year-old man. (A) Contrast- shows metastatic node with central necrosis (arrows) in the retroperito- 
enhanced CT shows a heterogeneous right testicular mass (arrows) with neum. (C) Chest CT (lung windows) shows pulmonary nodules in the 
peripheral rim enhancement. (B) Contrast enhanced CT of the abdomen right lung 
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Fig. 5.3 Mixed germ cell tumor (seminoma mixed with mature tera- 
toma) associated with microlithiasis in a 37-year-old man. (A and B) 
Longitudinal and color Doppler US of the right scrotum shows mark- 
edly enlarged testis nearly replaced by mixed cystic (C) and solid (S) 
tumors. The tumor has increased vascularity in the solid component. 
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Note the peripherally located remnant testis (7) and numerous tiny 
hyperechoic foci (arrows) scattered throughout the parenchyma. (C) 
Contrast-enhanced CT correlates well with the US findings. Note the 
left testis (T). (D) Contrast-enhanced CT at renal hilar level shows the 
retroperitoneal lymphadenopathy 
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Fig. 5.4 Mixed germ cell tumor (teratoma [70%], embryonal carci- 
noma [20%], choriocarcinoma [5%] and yolk sac tumor [5%]) associ- 
ated with microlithiasis in a 21-year-old man. (A and B) Longitudinal 
US of the left scrotum shows markedly enlarged heterogeneous mass 


931 


SAA A 
B_e-~-— O a 


> a — Pa = = > <a 
sea = > + 
TAPA da 


> 


-> 


<- 

ar 
mn 

ee 


A 


(M) totally replacing whole testis. Note the multiple diffuse echogenic 
foci without acoustic shadowing in the right testis (T). (C) Gross speci- 
men shows complete replacement of the normal testicular parenchyma 
and cystic change with hemorrhage 
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C > Burned-out choriocarcinoma with metastasis in a 23-year-old with posterior shadowing in the left testis. (C) T2-weighted axial MR 
man. (A and B) Transverse and longitudinal US show an ill-defined, image of the brain shows a metastasis with surrounding edema 
intratesticular hypoechoic mass (arrows) around the calcified lesion 
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6. Testicular Tumors: Lymphoma 


Fig. 6.1 Malignant testicular lymphoma with varicocele in a 57-year- there are dilated vessels showing flow (arrow) in the left upper portion 
old man. (A) Transverse US of the left testis shows enlarged testis and outside the testis. (C) Gross specimen of the left testis reveals a well- 
discrete, homogeneous hypoechoic mass in the testis. (B) Color Doppler defined intratesticular mass 

US of the left testis shows increased vascularity in the tumor. Note that 
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Fig.6.2 Malignant testicular lymphoma with extratesticular extension heterogeneous extratesticular lesion (arrows). (C) Gross specimen of 
in a 62-year-old man. (A and B) Transverse and longitudinal US of the the testis shows the geographic appearance and extratesticular exten- 
left testis show poorly defined, hypoechoic lesion diffusely replacing sion in the mass (arrows) 

the testis. Note the bulging contour of the mass and lenticular shaped, 
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Malignant testicular lymphoma with retroperitoneal lymph- 
adenopathy in a 60-year-old man. (A) Longitudinal US of the left 
testis shows markedly enlarged testis with multiple hypoechoic 
lesions. (B) Spectral Doppler US obtained from the mass shows low- 
resistance arterial flow. Note the marked hypervascularity within the 
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ed 


mass. (C) Coronal reformatted image from multidetector CT (MDCT) 
of the abdomen shows multiple, enlarged, retroperitoneal lymph 
nodes (arrows) due to lymphomatous involvement. (D) Gross speci- 
men of the testis shows a parenchymal infiltrating mass with focal 
hemorrhage and necrosis. A—abdominal aorta 
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Fig. 6.4 Malignant testicular lymphoma involving epididymis in an Longitudinal and power Doppler US scans of the right testis show 
88-year-old man. (A) Transverse US of the scrotum shows diffusely enlarged testis and epididymis (arrows) with diffusely replaced 
enlarged right testis with poorly defined, hypoechoic lesions. (B and C) hypoechoic lesions and diffusely increased vascularity 
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7. Other Testicular Tumors 


Fig. 7.1 Epidermoid cyst in a 24-year-old man with history of a palpable and high echogenicity but without vascularity. (C) On gross specimen of 
mass in the right testis. (A and B) Longitudinal (A) and transverse color the right testis, the cut surface shows a well-demarcated cystic mass 
Doppler (B) US of the scrotum show a small, well-circumscribed testicu- containing yellow gray keratinous material 

lar mass with onion ring appearance, concentric rings of alternating low 
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Fig. 7.2 Bilateral testicular adrenal rest tumor in a 15-year-old boy of the scrotum (C) and the abdomen (D) show the right testicular mass 
with congenital adrenal hyperplasia. (A and B) Transverse (A) and lon- with strong enhancement (arrows in C) and bilateral adrenal hyperpla- 
gitudinal (B) US of the scrotum show bilateral heterogeneous mass sia (arrows in D) 

nearly replacing the whole testis. (C and D) Contrast-enhanced CT scan 
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Fig. 7.3 Leydig cell tumor in a 40-year-old man. (A and B) Longitudinal gross specimen of the right testis, the cut surface shows a well-demarcated 
(A) and color Doppler (B) US of the right testis show a well-circumscribed, nodular mass with tan friable tissue. Neither hemorrhage nor necrosis is 
heterogeneous hypoechoic lesion with increased vascularity. (C) On seen 


Fig. 7.4 Intratesticular metastasis in a 70-year-old man who underwent 
palliative radiotherapy for prostate cancer with bony metastasis. (A) 
Longitudinal US of the left testis shows a heterogeneous, hypoechoic 
mass (arrows). Note large amount of hydrocele (H). (B) Contrast-enhanced, 
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fat suppressed T1-weighted axial MR image shows diffusely enlarged left 
testis with heterogeneous enhancement. (C) On gross specimen of the left 
testis, the cut surface shows a multinodular mass. Note the remnant 
testicular parenchyma (T) 
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Fig. 7.5 Acute lymphoblastic leukemia (ALL) of the testis in a marked intralesional flow shows normal spectrum with a resistive index 
48-year-old man. (A) Longitudinal US of the right testis shows diffuse of 0.67. (C) Power Doppler US of the scrotum shows marked hypervas- 
lesions of decreased echogenicity with maintenance of the normal cularity in the right testicular lesion 

ovoid testicular shape. (B) Spectral Doppler US detected from the 
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Testicular leiomyosarcoma in a-50-year-old man. (A) 
Longitudinal US of the right testis shows an ill-defined hypoechoic 
mass (arrows). (B) Contrast-enhanced CT shows an oval, well-enhanc- 
ing mass with small calcification (arrowhead) in the left testis 


7.7 Testicular inflammatory pseudotumor in a-45-year-old man. 
(A and B) Longitudinal and color Doppler US of the left testis show a 
poorly defined hypoechoic lesion (arrows) with vascularity. (C) On 
gross specimen of the left testis, the cut surface shows a nodule con- 
fined to the testis 
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8. Testicular Tumors in Undescended Testis 
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Fig. 8.1 Undescended right testis torsion with seminoma in a 37-year- 
old man. (A) Color Doppler US of the pelvis shows a large, round, 
heterogeneous mass with absence of blood flow. (B and C) Contrast- 
enhanced CT (B) and coronal reformatted image (C) from CT of the 
pelvic cavity show a large, solid mass (M) in the pelvic cavity. Note the 


poorly enhancing mass with a twisted spermatic cord (arrows) showing 
a whirling appearance. (D) CT scan of the inguinal area shows absence 
of the left spermatic cord in the inguinal canal. Arrow indicates the left 
spermatic cord 
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Fig. 8.3 Undescended left testis with seminoma in a 34-year-old man. 
(A) Contrast-enhanced CT of the abdomen shows a well-demarcated, 
heterogeneously enhancing mass (M) with central necrosis. Also note 
large amount of ascites. (B) CT scan shows absence of the left spermatic 
cord in the high scrotal area. Note the right spermatic cord (arrow) 


Fig. 8.2 Undescended right testes with seminoma in a 44-year-old 
man. (A) Contrast-enhanced CT of the pelvic area shows a huge, lobu- 
lated, well-enhancing mass (M) in the pelvic cavity. Note small, low 
attenuated cystic area (arrows) in the mass. (B) CT scan of the inguinal 
area shows absence of the right spermatic cord in the inguinal regions. 
Note the left spermatic cord (arrowhead) and inguinal hernia (4) 
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9. Tumors of the Epididymis and Scrotal Wall 


Fig.9.2 Sperm granuloma in a 49-year-old man. (A and B) Longitudinal 
(A) and color Doppler (B) US of the left testis show a well-demarcated 
hypoechoic mass with internal cystic area in the tail of the epididymis. 
Note the sparse vascularity in the mass and the enlarged epididymis (E) 
after vasectomy. T testis 


Fig. 9.1 Adenomatoid tumor of the epididymis in a 45-year-old man. 
(A and B) Longitudinal and color Doppler US of the right scrotum 
show a round, solid mass (M) in the head of the epididymis (E). Note 
the hypoechogenicity and hypervascularity of the mass relative to the 
testis (7). H hydrocele 
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Fig. Epidermoid cyst in scrotal wall in a 41-year-old man. (A and B) 

Grayscale and color Doppler US of the mass shows a well-circumscribed 

mass of homogeneous hypoechogenicity overlying the spermatic cord 

(C). The testis and epididymis were normal (not shown). At surgery, the 

mass was located outside the external spermatic fascia of the scrotal wall pj | Lipoma of the scrotal wall in a 40-year-old man. (A) Longitudinal 

and the mass was filled with grayish keratinous material US of the right scrotum reveals a well-defined large mass with homoge- 
neous hyperechoic appearance (L) cranial to the right testis (7). Note 
multiple echogenic streaks (arrows) parallel to the skin surface within the 
mass. (B) On CT scan, a well-circumscribed tumor with low attenuation 
(L) is seen posterior to right testis (T) 
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Fig. 9.5 Lymphangioma of the scrotal wall in a 78-year-old man. (A) within the mass. (B) CT scan shows a multiseptated, low attenuated, 
Longitudinal US of the scrotum demonstrates a multilocular hypoechoic cystic mass posterior to the normal testis (T) 
mass abutting the normal testis. Note the low echoic lines (arrows) 
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10. Retroperitoneal Nodal Metastases in Testicular Tumors 


Fig. 10.1 Seminoma of the left testis and pelvic lymph node metasta- the focal calcifications (arrows). (B) CT of the pelvis shows two large, 
ses in a 47-year-old man. (A) Transverse US of the left testis shows metastatic lymph nodes (asterisks) in the left external iliac region with 
enlarged testis replaced by a mass of heterogeneous echogenicity. Note encasement of the external iliac artery (arrowhead) 
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Fig. 10.2 Yolk sac tumor with retroperitoneal lymph node metastases 
and tumor thrombus in the left renal vein and inferior vena cava in a 
47-year-old man. (A) Color Doppler US of the left testis shows a solid 
and cystic mass with heterogeneous echogenicity and mild vascularity. 
(B) Contrast-enhanced CT scan shows a large mass with necrosis in the 


left testis. (C-E) Contrast-enhanced CT scans from cranial to caudal 


show large metastatic lymph nodes encasing the left renal artery (thick 
arrow in C) in the left para-aortic region and collapsed or dilated left 
renal vein (arrows in C) filled with thrombus. Also note the inferior 
vena cava with focal thrombus (arrowhead in D), multiple metastatic 
lymph nodes (asterisks in C-E) and left hydronephrosis. A abdominal 
aorta, C renal cyst 
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Fig. 10.3 Malignant mixed germ cell tumor, composed of yolk sac 
tumor (80%) and embryonal carcinoma (20%) in the right testis and ret- 
roperitoneal lymph node metastases in a 26-year-old man. (A) Contrast- 
enhanced CT shows a large tumor in the right testis with extensive 
necrosis and heterogeneous enhancement. (B) CT scan of the abdomen 


shows multiple, small metastatic lymph nodes (arrows) in the interaor- 
tocaval and left paraaortic chain of the retroperitoneum. (C) CT scan of 
the chest (lung window) shows the metastatic nodule (arrow) in the left 
lower lobe of the lung 


Illustrations 951 


Fig. 10.4 Malignant mixed germ cell tumor, composed of immature  toneal space. Note the focal fatty component (arrow) within the mass. 
teratoma, yolk sac tumor, and seminoma in the left testis and retroperi- (C) PET-CT fusion image demonstrates no abnormal hypermetabolic 
toneal lymph node metastases in a 25-year-old man. (A) CT scan shows lesion including left paraaortic area. (D) Gross specimen of the retro- 
a large heterogeneous mass (M), which is enlarging the left testis. Note peritoneal mass shows a well-defined, metastatic, mixed germ cell 
the right testis (T). (B) On contrast-enhanced CT of the abdomen, a tumor (immature teratoma mixed with yolk sac tumor) with multilocu- 
large lymph node mass appears to the left of the aorta in the retroperi- lar cystic space filled with serous fluid 
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Fig. 11.1 Testicular microlithiasis in a 45-year-old man. (A and B) US of the left testis shows normal testicular flow. (D) CT scan shows 
Transverse (A) and longitudinal (B) US of the right testis demonstrates calcific density in the right testis (arrow) 
widespread numerous echogenic foci in right testis. (C) Color Doppler 
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Fig. 11.3 Bilateral undescended testis with microlithiasis in the super- 
ficial inguinal pouch in a 5-year-old boy. Transverse US in the left testis 
(arrow) demonstrates innumerable tiny bright echoes. V left femoral 
vein 


Fig.11.2 Testicular microlithiasis in a 40-year-old man. (A—C) Transverse 
US (A), longitudinal US in right testis (B), and left testis (C) demonstrate 
scattered echogenic nonshadowing foci throughout the both testes. Note 
appendix testis (arrow in B) 
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Fig. 11.4 Testicular microlithiasis with seminoma in a 41-year-old which was confirmed as seminoma and multiple, hyperechoic foci scat- 
man. (A and B) Transverse (A) and longitudinal (B) US of the scrotum tered throughout the parenchyma in both testes 
demonstrate diffusely enlarged, hypoechoic mass in the right testis, 
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12. Testicular Torsion 
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Fig. 12.1 Testicular torsion with focal infarction in a 40-year-old man. 
(A) Transverse color Doppler US of the right scrotum shows swollen 
right testis with lack of blood flow. Note well-defined hypoechoic mass 
(arrows) within the testis. (B) Contrast-enhanced coronal reformatted 
image from MDCT shows enlarged right testis with oval shaped nodule 
(arrows). Arrowheads indicate each spermatic cords. (C) Follow-up 
longitudinal color Doppler US of the right scrotum taken 6 days later 
shows relatively normal blood flow in the right testis suggesting spon- 
taneous detorsion. Also note the intratesticular hypoechoic lesion with 
no blood flow, which was confirmed as focal ischemic necrosis 


Fig. 12.2 Testicular torsion in a 24-year-old man. (A) Transverse US 
of the scrotum demonstrates markedly enlarged, right testis (R) with 
heterogeneous echogenicity. Right epididymis is also involved (not 
shown). Note the prominent, linear, hypoechoic septa (arrows) in the 
right testis. (B) Color Doppler US of the high scrotal area in the trans- 
verse plane shows a “torsion knot” and “whirlpool appearance” of the 
right spermatic cord. L left testis 
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ig. 12.4 Testicular torsion of the left testis in a 24-year-old man. (A) 
Fig. 12.3 Testicular torsion of the left testis in a 17-year-old boy. (A) Transverse color Doppler US of the scrotum reveals no demonstrable 
Longitudinal US of the left testis shows normal blood flow and echoge- flow in the left testis. (B) Longitudinal US of the left testis shows nor- 
nicity. (B) Transverse color Doppler US of the high scrotum reveals al testicular echogenicity 

spiral twisting of the left spermatic cord (arrow) and combined hydro- 


cele (H) 
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Fic Testicular torsion of the left testis in a 15-year-old boy. (A) 
Longitudinal color Doppler US of the scrotum shows markedly enlarged 
heterogeneous left testis with decreased echogenicity. Note absence of 
identifiable intratesticular flow but increased color Doppler signal in the 
scrotal wall. Also note pyocele (P) and skin thickening in the scrotum. 
(B) Transverse US of the cranial portion of the left testis reveals the 
twisted spermatic cord appearing as an echogenic soft tissue mass 
(arrows) 


Fig.12.6 Calcific atrophy of the left testis in a 71-year-old man with a 
history of testicular torsion. (A) Longitudinal US of the left testis dem- 
onstrates echogenic foci with posterior acoustic shadowing in small- 
sized testis (arrows). (B) CT scan demonstrates a tiny calcification in 
small left testis (arrow) 


Fig. 12.7 Manual detorsion of the testis in a 19-year-old man. (A) 
Transverse US of the scrotum shows enlarged, hypoechoic, right testis 
(R) almost totally without flow. (B and C) On follow-up transverse 
color Doppler US of the scrotum after manual reduction rotating the 
testicle 180° from medial to lateral at 11 h after the onset of torsion, the 
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return of blood flow is seen in enlarged right testis (R). (D) On follow- 
up transverse color Doppler US of the scrotum at 4 months after elec- 
tive orchiopexy. Normal both testes with normal flow are seen. L left 
testis (Courtesy of Chan Kyo Kim, MD; Samsung Medical Center, 
Sungkyunkwan University School of Medicine, South Korea) 
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13. Epididymitis 


Fig. 13.1 Acute epididymitis in a 47-year-old man. (A) Longitudinal 
US of the scrotum shows gradual enlargement and heterogeneity of left 
epididymis at body and tail portion (arrows). Note thickened scrotal 
wall. (B) Longitudinal color Doppler US along the epididymis shows 
enlarged epididymis with increased vascularity 
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Fig. 13.2 Acute epididymitis with pyocele in a 43-year-old man. (A) 
Longitudinal US of the left scrotum shows diffusely enlarged epididymis 
(arrows) with decreased echogenicity. Note thickened scrotal wall and 
normal left testis (7). (B) Transverse US at the epididymal head shows 
septated complex fluid collection between layers of the tunica vaginalis. 
Note epididymal head cyst (arrow). E epididymis 
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Fig. 13.3 Bilateral epididymitis in a 53-year-old man with acute scro- enlarged epididymis at head portion. Note diffuse thickening of the 
tal pain. (A and B) Transverse (A) and transverse color Doppler (B) US scrotal wall, reactive hydrocele, and appendix epididymis (arrow in A) 
images of the scrotum show swelling and increased vascularity in the 


Fig. 13.4 Acute epididymitis with testicular ischemia in a 21-year-old no intratesticular flow in the left testis and marked hypervascularity in 
man. (A) Transverse US of the left scrotum shows a hypoechoic testis the left epididymis. Note flash artifact (arrow) due to tissue motion. At 
(T) and the enlarged, heterogeneous epididymis (area between cur- follow-up US, increased flow was seen in the left testis 

sors). (B) Transverse power Doppler US of the scrotum demonstrates 
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Fig. 13.5 Acute epididymitis with epididymal abscess in a 63-year- abscess cavity (asterisks in B). Note thickened scrotal wall and rela- 
old man. (A) Longitudinal US in both planes show diffusely enlarged tively normal testis (T). (C) Transverse color Doppler US of the scro- 
hypoechoic epididymis (F) and a large hypoechoic lesion suggesting an tum shows enlarged left epididymis with increased vascularity 
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14. Orchitis and Epididymo-Orchitis 


Fig. 14.1 Acute epididymo- 
orchitis in a 39-year-old man. 
(A) Longitudinal US of the right 
scrotum shows heterogeneous 
hypoechogenicity (arrows) of 
right epididymal tail and reactive 
thickening of the adjacent scrotal 
wall. (B) Spectral Doppler US 
along the left epididymis shows 
hypervascularity and 
high-resistance waveforms. 

(C) Transverse color Doppler US 
of the scrotum shows markedly 
increased vascularity in the right 
testis, suggesting associated 
orchitis 
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Fig.14.2 Acute epididymo-orchitis ina 92-year-old man. (A) Longitudinal 
US of the right scrotum shows enlarged heterogeneous right testis (7) and 
epididymis (E) with reactive hydrocele (H). Note intratesticular cyst 
(arrow). (B) Transverse color Doppler US of right scrotum shows mark- 
edly increased vascularity in the enlarged epididymis at the tail portion 
with diffuse thickening of the scrotal wall 


Fig. 14.3 Acute epididymo-orchitis with scrotal wall abscess in a 
47-year-old man. (A) Transverse color Doppler US of the left scrotum 
shows enlarged heterogeneous testis (T) and epididymis (E£) with 
increased vascularity and markedly thickened scrotal wall. (B) Transverse 
US at the caudal end of the epididymis shows enlarged epididymal tail 
(E) and multilocular abscess (A) in the scrotal wall 
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Fig. 14.4 Acute epididymo-orchitis with testicular infarction in a flow in the epididymis (E). Note the scrotolith (arrowhead). (C) Four 
50-year-old man. (A) Transverse color Doppler US of the scrotum days later, coronal reformatted image from MDCT shows a cystic lesion 
shows enlargement and heterogeneous hypoechogenicity of the left tes- (C) in the left scrotum. Note scrotolith (arrowhead), thickened scrotal 
tis (T) with sparse vascularity. (B) Longitudinal color Doppler US of wall, and left spermatic cord (arrow) 

the left serotum shows enlarged, hypoechoic left testis (T) and increased 
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Fig. 14.5 Mumps epididymo-orchitis in a 18-year-old man with a his- 
tory of fever and gradual onset of scrotal pain and swelling. (A) Transverse 
US of the scrotum shows enlarged right testis (7) and mild decreased 
echogenicity. Note minimal reactive hydrocele (H). (B) Longitudinal 


color Doppler US of right scrotum shows markedly increased vascularity 
in the enlarged right testis and mild hyperemia in the epididymal head 
(E). (C) Comparison view of both submandibular gland shows hyperemia 
and swelling in the right salivary gland (R). L left salivary gland 
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Fig. 14.6 Mumps orchitis with atrophic testis in a 21-year-old man. (B) Three weeks later, transverse color Doppler US of right scrotum 
(A) Longitudinal color Doppler US of the right scrotum shows enlarged shows markedly decreased echogenicity and sparse vascularity in the 
right testis (T) and thickened spermatic cord (C) with increased flow. shrunken right testis 
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15. Scrotal Trauma 


Fig. 15.2 Intratesticular hematoma in a 47-year-old man. (A) Transverse 
US of the scrotum shows ill-defined subcapsular hypoechoic area 
(arrows) in the medial part of the left testis. (B) Color Doppler US of the 
left testis in transverse plane shows blood flow in the testis, except in the 
area of hematoma 


Fig.15.1 Trauma-related orchitis in an 18-year-old man with a history 
of blunt trauma 7 days earlier. (A) Transverse US of the scrotum shows 
normal echotexture in both testis. (B) Color Doppler US of the left tes- 
tis in longitudinal plane shows marked increased vascularity sparing the 
left epididymis (E). 
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Fig. 15.4 Post-traumatic spermatic cord hematoma in a 33-year-old 
man. (A and B) US images along the spermatic cord show heteroge- 
neous hypoechoic area (arrows in A) without vascularity. Note the scro- 
tal wall thickening 


Fig. 15.3 Pubic bone fracture with scrotal wall hematoma in a 57-year-old 
man. (A and B) Contrast-enhanced CT scans from cranial (A) to caudal (B) 
show fluid collections (asterisks) in the left scrotal wall and urogenital 
triangle. Note the left ischiopubic ramus fracture (arrow in A). L left testis, 
R right testis 
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hypoechoic irregular linear area (arrow) indicative of a fracture 


g > Testicular fractures and intratesticular hematomas in a 
16-year-old boy. (A and B) Longitudinal (A) and transverse (B) US 
images demonstrate heterogeneous right testis with ill-defined 
hypoechoic areas (H) representing intratesticular hematoma. Also note a 
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> Testicular rupture with extratesticular hematoma in a 
20- -year-old-man. (A) Transverse US shows enlarged, heterogeneous 
left testis (T) with extensive extratesticular hematoma (H). (B) Color 
Doppler US in a transverse plane shows discontinuity of the tunica 
albuginea in the anterior aspect (arrows) of the left testis. Note extru- 
sion of testicular contents (arrowheads) with the same echogenicity and 
decreased vascularity 
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Fig. 15.7 Testicular rupture with extratesticular hematoma in a longitudinal plane shows a heterogeneous area (A) with lack of flow 
15-year-old-boy. (A) Transverse US shows relatively normal echotex- across the defect in the tunica albuginea (arrows) in the inferior aspect 
ture of the left testis (T). Note extensive extratesticular hematoma (H) of the left testis 

and enlarged echogenic epididymis (£). (B) Color Doppler US in a 
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16. Miscellaneous Conditions of the Scrotum 


g. 16.2 Liposarcoma of the spermatic cord in a 54-year-old man. 
(A and B) Noncontrast-enhanced CT of the inguinal area show a well- 
demarcated complex mass (arrows) involving the left spermatic cord. 
CT attenuation values indicate predominantly fat tissue in the lesion 
separated from the normal left testis (L). Note prominent pampiniform 
plexus (arrowhead). R right testis 


Fig. 16.1 Extramammary Paget’s disease (EPD) in a 75-year-old man 
who presented with erythematosus and pruritic lesion in the penile and 
scrotal skin. (A and B) Contrast-enhanced CT scans of inguinal lesion 
show the diffuse thickening and enhancement of penile and scrotal skin 
(arrows). (C) Photograph shows presence of predominant papillary 
growing mass with areas of keratosis in the diffuse thickened skin 
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Fig. 16.3 Leiomyosarcoma of the spermatic cord in a 61-year-old man. 
(A) Longitudinal US of the right supratesticular region shows a well- 
circumscribed mass (M) of mixed heterogeneous echogenicity adjacent 
to testicular artery (arrow). (B) Spectral Doppler US at the mass dem- 
onstrates increased vascularity with low-resistance waveforms. Note 


the testicular artery (arrow) adjacent to the mass. (C) Gross specimen 
of the spermatic cord shows a protruding mass apart from the testis (7). 
The mass at the spermatic cord shows a well-defined, firm, white-tan, 
trabeculated cut surface. Neither necrosis nor hemorrhage is observed 
grossly 
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Fig. 16.4 Testicular and penile prosthesis. (A and B) CT and coronal (arrow in C) implanted in the lower pelvis, the two corporeal cylinders 
T2-weighted MR images show a round artificial testis, silicone-shell, or (arrows in D) in the actual penis itself, and the pump (arrow in E) 
saltwater-filled types in the scrotum (asterisks). (C-E) CT shows that placed in the scrotum 

three components of inflatable penile prostheses include the reservoir 
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F Fournier’s gangrene in a 41-year-old man. (A and B) CT 
scans at different levels demonstrate gas-forming infection spreading 
into the right ischiorectal fossa (thick arrow in A), scrotum, both ingui- 
nal canal (thin arrows in A) and abdominal wall. Note the uninvolved 
testicles (T in B) with surrounding subcutaneous air. Inflammatory 


changes of fat can be seen in the perineum and scrotum. (C) Coronal 
reformatted image from MDCT shows extensive subcutaneous emphy- 
sema (arrows) from scrotum or perineum to the inguinal regions and 
the anterior abdominal wall 
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Variable appearances of the scrotal fluid collections. (A and B) 
US and CT scans of the scrotum show large hydrocele (H) and left testis 
(T) attached to the tunica vaginalis posteriorly. (C-E) CT scans of the 
inguinal area from cranial to caudal show bilateral communicating hydro- 
cele (arrows), the condition that allows peritoneal fluid (P in C) to pass 
into the scrotum or inguinal canal due to a patent processus vaginalis. 
(F and G) US (F) of the inguinal area and coronal reformatted image (G) 


from MDCT show spermatic cord hydrocele (arrows), elongated and 
loculated fluid collection along the spermatic cord, separated from and 
located above the testicle and epididymis. (H) Transverse US of the scro- 
tum shows complicated hydrocele (H) demonstrating multiple septations 
and internal echoes within the fluid. In the presence of hemorrhagic fluid 
and pus, these are called hematocele and pyocele, respectively. Note the 


testis (7) 
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Fig. 16.6 (continued) 
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Introduction 


Bum Sang Cho and Seung Hyup Kim 


A varicocele consists of a group of dilated veins in the 
spermatic cord and pampiniform plexus, almost exclusively 
on the left side. Varicoceles occur more commonly in infer- 
tile men than in the rest of the population. On ultrasound 
(US), varicoceles appear as tubular, serpiginous structures 
larger than 2-3 mm in diameter along the course of the sper- 
matic cord or in the peritesticular region, typically above and 
posterior to the testis. Color Doppler US is helpful in con- 
firming the presence of a varicocele and detecting a subclini- 
cal varicocele. Varicocele may extend into the testicle 
resulting in intratesticular varicocele, which can be depicted 
by color Doppler US. Internal spermatic venography seems 
to be the most sensitive test to detect reflux. The major veno- 
graphic finding of varicocele is free retrograde flow of con- 
trast material into the dilated pampiniform plexus. Treatment 
is indicated if varicoceles are large and symptomatic and in 
subfertile men with clinical or subclinical varicoceles who 
have been infertile for at least 2 years and who have oligoas- 
thenospermia without an apparent cause of infertility. 
Treatment of varicocele is either by surgical ligation or by 
transcatheter occlusion of the internal spermatic vein. 


Definition, Incidence, and Pathophysiology 


A varicocele consists of a group of dilated veins in the 
spermatic cord and pampiniform plexus, almost exclusively 
on the left side. Most varicoceles are caused by incompetent 
valves of the internal spermatic vein or collateral bypass of 
competent valves with resultant free reflux of venous blood 
into the pampiniform plexus. Varicoceles occur more 
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commonly in infertile men than in the rest of the population. 
Varicoceles are found in 40% of men with primary infertility 
and between 45% and 80% of men with secondary infertility. 
Although the mechanism of action is not well known, it is 
certain that a varicocele influences spermatogenesis, causing 
decreased sperm count and abnormal sperm motility and 
morphology, and repair of varicoceles can improve semen 
parameters and fertility rates. Varicoceles can be associated 
with testicular atrophy and abnormal testis histology. 

Primary varicoceles are present in 10-20% of men and 
almost all cases (about 90%) involve the left side. The left- 
sided predominance is possibly related to the left spermatic 
venous drainage into the left renal vein, which may be com- 
pressed by a nutcracker phenomenon between the aorta and 
superior mesenteric artery. Solitary right-sided varicocele is 
rare, accounting for less than 2% of all cases of varicocele. 
When unilateral right-sided varicoceles are encountered, the 
possibility of a retroperitoneal mass obstructing the right 
spermatic vein should be considered. Total situs inversus is 
another cause of solitary right-sided varicocele. Bilateral 
varicoceles occur in approximately 9-15% of patients with 
varicoceles. 

Primary varicoceles distend when the patient is standing 
or performs a Valsalva maneuver. However, secondary vari- 
coceles, caused by obstruction or increased pressure on the 
spermatic vein by retroperitoneal tumors or fibrosis, renal 
vein thrombosis with or without renal cell carcinoma, liver 
cirrhosis, chronic constipation, or a hydronephrotic kidney, 
usually occur in older patients and do not decompress when 
the patient changes positions. 


Clinical Aspect 


On physical examination, large varicoceles are easily 
palpated as multiple tubular structures within the scrotum. 
Small varicoceles require palpation during a Valsalva maneuver 
while the patient is standing. Varicoceles have been classified 
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into three grades: grade 1 indicates dilated veins palpable 
only during a Valsalva maneuver; grade 2, dilated veins pal- 
pable without a Valsalva maneuver; and grade 3, dilated 
veins palpable and visible without a Valsalva maneuver. 
Subclinical varicocele is a varicocele not palpable even with 
a Valsalva maneuver. The incidence of subclinical varicocele 
is not known but its importance in male infertility may be 
significant. However, it can be demonstrated by spectral tests 
such as color Doppler ultrasound scan. 


Diagnosis 


On US, varicoceles appear as tubular, serpiginous structures 
larger than 2-3 mm in diameter along the course of the sper- 
matic cord or in the peritesticular region, typically above and 
posterior to the testis. Color Doppler US is helpful in con- 
firming the presence of a varicocele and detecting a subclini- 
cal varicocele. Color Doppler US is more sensitive than 
clinical examination and can detect up to 93% of the reflux 
subsequently confirmed by spermatic venography. Color and 
spectral Doppler US can demonstrate the direction of venous 
flow in the internal spermatic vein. A Valsalva maneuver or 
an upright position enhances visualization of small clinical 
or subclinical varicoceles by demonstrating flow reversal. 
Spectral Doppler US is sometimes difficult because cremas- 
teric muscle contracts and the veins leave the Doppler sample 
volume. The use of a wide sample volume can overcome this 
problem. 

Varicoceles may be classified into stop-type and shunt- 
type on the basis of Doppler US findings. The stop-type vari- 
cocele reveals a retrograde flow at the beginning of a Valsalva 
maneuver. A varicocele is considered shunt-type when a 
continuous retrograde flow is detected that is intensified by a 
Valsalva maneuver. Varicocele may extend into the testicle 
resulting in intratesticular varicocele, which can be depicted 
by color Doppler US. In addition varicocele also can be clas- 
sified into three grades by vein reflux: grade 1 indicates no 
spontaneous venous reflux, but inducible reflux with Valsalva 
maneuver; grade 2, intermittent spontaneous venous reflux; 
and grade 3, continuous spontaneous venous reflux. Grade 1 
is divided into two patterns: pattern 1 indicates only very 
little reflux at the beginning of the Valsalva maneuver; and 
pattern 2, reflux during the full length of the Valsalva 
maneuver. 

Internal spermatic venography seems to be the most sensi- 
tive test to detect reflux, and transcatheter treatment can be 
performed in the same session. The major venographic find- 
ing of varicocele is free retrograde flow of contrast material 
into the dilated pampiniform plexus. Varicocele may be 
caused by retrograde flow into the internal spermatic vein 
despite competent valves through bypassing anastomoses 
with other retroperitoneal veins. Sometimes retrograde flow 


22 Varicocele 


into the internal spermatic vein drains through the external 
spermatic vein to the common iliac vein. Varicocele may also 
be caused by obstruction at the level of common iliac vein. 


Treatment 


If a varicocele is large and symptomatic, it may be treated. 
Treatment is also indicated in subfertile men with clinical or 
subclinical varicoceles who have been infertile for at least 
2 years and who have oligoasthenospermia without an appar- 
ent cause of infertility. Treatment of varicocele is either by 
surgical ligation or by transcatheter occlusion of the internal 
spermatic vein. Either form of treatment has a high recur- 
rence rate, reportedly up to 50%. The significant pressure 
gradient, more than 3 mmHg gradient between the left renal 
vein and inferior vena cava, represents a poor prognostic sign 
for recurrence of varicocele after treatment. 

Using the Seldinger technique, a gently curved 5- to 
7-French torque control catheter with side holes is introduced 
deep into the left renal vein, and the venography is performed 
during a Valsalva maneuver. Some recommend using the 
transjugular approach to facilitate catheterization and to 
obtain a venogram with the patient in upright position. If 
reflux into the internal spermatic vein is noted on left renal 
venogram, selective internal spermatic venography is per- 
formed to demonstrate detailed anatomy of the vein and its 
collaterals. In most cases, the left internal spermatic vein 
originates from the inferior surface of the left renal vein, usu- 
ally 2 or 3 cm away from the junction of the renal vein and 
the inferior vena cava. 

For interventional radiologic treatment, a catheter should 
be located deep into the internal spermatic vein. Sometimes, 
it is difficult to advance the catheter into the internal sper- 
matic vein since it tends to buckle at the orifice of the left 
renal vein. In those cases, use of a guiding catheter may be 
helpful. An 8-French curved guiding catheter is located at 
the orifice of the internal spermatic vein and a 5-French 
straight catheter is introduced through the guiding catheter 
using a coaxial technique. The right internal spermatic vein 
is more difficult to catheterize than the left one. A sidewinder 
catheter is used, and the orifice of the vein is searched for at 
the anterolateral surface of the inferior vena cava, just caudal 
to the orifice of the right renal vein. 

There are many kinds of embolic materials used for 
transcatheter occlusion of the varicocele. They include 
coils, detachable balloons, spiders, compressed Ivalon 
(Spiderlon) plugs, spider combined with Ivalon, brushes, 
plastics, and Gelfoam. Among these embolic materials, 
coils have been most commonly used. The diameter of the 
coils should be slightly larger than that of the internal sper- 
matic veins. The ends of the coil may be modified to pre- 
vent dislodgement. Because of multiple internal spermatic 
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veins and their collateral vessels, embolic devices are usu- 
ally placed caudally at the level of the inguinal canal and 
cranially near to the orifice. Between them, the locations 
of embolic devices are decided according to the anatomy 
of the vessels. 

Various sclerosing agents also have been used for tran- 
scatheter treatment of varicoceles. They include hypertonic 
glucose with monoethanolamine, Varicocid (the salt of a fatty 
acid of cod liver oil), aethoxysclerol, sodium tetradecy] sulfate 
(Sotradecol), and heated contrast material. An occlusion bal- 
loon catheter may be used to reduce the risk of spill of scleros- 
ing agents into the renal vein. The “sandwich” technique that 
refers to the use of a combination of coils and sclerosant, 
whereby the coils are placed in the distal internal spermatic 
vein just above the inguinal ligament level also may be used. 
The advantages of sclerosing agents or tissue adhesives in the 
management of varicocele include ease of delivery, minimal 
patient discomfort, a higher success rate, and the ability to 
occlude all collateral vessels that may be the cause of persis- 
tent or recurrent varicocele after treatment. The disadvantages 
of these materials include the risk of reflux of the agents into 
the renal vein or pampiniform plexus, which may cause renal 
vein thrombosis and testicular thrombophlebitis, respectively. 
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1. Demonstration of Varicocele with Color Doppler US 


Fig. 1.1 Left varicocele in a 29-year-old man. (A) Color Doppler US 
in left inguinal region with the patient at rest shows prominent left inter- 
nal spermatic vein with the flow in the cranial direction. (B) Color 
Doppler US with Valsalva maneuver shows markedly dilated internal 
spermatic vein with turbulent, reversed flow in the caudal direction 


Fig.1.2 Left varicocele in a 27-year-old man. (A and B) Color Doppler 
US of the left inguinal region shows changing direction of blood flow 
with Valsalva maneuver. Without Valsalva maneuver (A) the vein is 
filled with red, representing the cranial direction of flow. With Valsalva 
maneuver (B) the color signal changed to blue, representing the caudal 
direction of the flow 


Illustrations 


985 


Fig. 1.3 Left varicocele in a 19-year-old man. (A and B) Color Doppler 
US of the left scrotum in the region of pampiniform plexus in rest (A) 
and with Valsalva maneuver (B). Without Valsalva maneuver, the ves- 
sels are dilated in pampiniform plexus and some show color flow sig- 
nals. With Valsalva maneuver, the venous channels are dilated and 
entirely filled with prominent flow signals 


Fig. 1.4 Left varicocele in a 50-year-old man. (A) Color Doppler US 
in the caudal portion of the left scrotum shows slightly dilated vessels 
with scant flow signals in them. (B) Color Doppler US with Valsalva 
maneuver shows dilatation of the vessels with prominent flow signals. 
Note a mild hydrocele in left scrotum 
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Fig. 1.5 A 20-year-old man with left varicocele showing changes of 
color Doppler findings with the changes of the patient's position. (A) 
Color Doppler US with the patient in supine position shows tortuous, 
dilated vessels with flow signals in some of them. (B) With the patient 
in erect position, the vessels are more dilated and all vessels are filled 
with flow signals of higher velocity 
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Fig. 1.6 An 11-year-old boy with left varicocele showing changes of 
color Doppler findings with the changes of the patient's position and 
with the Valsalva maneuver. (A) Color Doppler US of the left scrotum 
with the patient in supine position and at rest shows dilated pampini- 
form plexus with only a scant amount of flow signals. (B) With the 
patient in the erect position, the vessels are more dilated and the flow 
signals increase. (C) With the patient in the erect position and with the 
Valsalva maneuver, the vessels are further dilated and the flow signals 
are more prominent than in (B) 
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2. Spectral Doppler US of Varicocele 


Fig. 2.1 Left varicocele in a 12-year-old boy. (A) Color Doppler US of 

the left scrotum with the Valsalva maneuver shows a dilated pampini- 

form plexus with flow signals. (B) Spectral Doppler US obtained from 

the dilated plexus shows venous flow that changes its direction with Fig.2.2 Left varicocele ina 14-year-old boy. (A and B) Color Doppler 

Valsalva maneuvers (A) and spectral Doppler (B) US images obtained from the dilated pam- 
piniform plexus shows venous flow that changes its direction with 
Valsalva maneuvers 
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3. Secondary Varicocele 


Fig. 3.1 Left varicocele in a 54-year-old man with underlying renal engorged vessels in the left scrotum. (C) Coronal view of contrast- 
cell carcinoma in left kidney. (A) Axial view of contrast-enhanced CT enhanced CT demonstrates dilated left internal spermatic vein (arrow) 
shows heterogeneous enhancing mass in left kidney. Hydroureter compressed by the left renal mass 

(arrow) is also seen. (B) Axial view of contrast-enhanced CT shows 


Fig. 3.2 Right varicocele probably due to pancreatic cyst ina 16-year- inferior vena cava. (B) Markedly engorged vascular structure is seen in 
old man with von Hippel-Lindau disease. (A) Contrast-enhanced CT right scrotum on contrast-enhanced CT 
shows cystic lesions in pancreatic head portion that compress the 
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4. Intratesticular Varicocele 


Fig. 4.1 Intratesticular varicocele in a 74-year-old man. Color 
Doppler US of the left scrotum shows dilated veins around the 
testis. Also note dilated vessels in the testis 
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5. Internal Spermatic Venography of Varicocele 


Left varicocele in a 50-year-old man with left varicocele. (A and B) Left gonadal venography opacifies the dilated internal spermatic vein 
down to the pampiniform plexus (arrows in B) 


Illustrations 


Fig. 5.2 Left varicocele in a 27-year-old man. Selective left 
gonadal venography using a coaxial catheter technique opacifies 
internal spermatic vein that communicates with the renal capsular 
veins (arrows). Note an 8-French guiding catheter (white 
arrowheads) and an inner 5-French catheter (black arrowheads) 
that was inserted into the gonadal vein 
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6. Embolotherapy for Varicocele 


43 Varicocele 


Fig. 6.1 Embolotherapy of the bilateral varicoceles in a 32-year-old 
man. (A) Left renal venography taken with the Valsalva maneuver 
shows the reflux of contrast material into the left internal spermatic 
vein (arrows). (B) Left gonadal venography opacifies the dilated inter- 
nal spermatic vein down to the pampiniform plexus. (C) Selective 
venography of the left internal spermatic vein opacifies the whole 
length of the left internal spermatic vein (arrows) and parallel anasto- 


motic vein (arrowheads). (D) The left internal spermatic vein was 
embolized with coils at the distal portion from inguinal ring. (E) The 
left internal spermatic vein was embolized with multiple coils. Then, 
selective venography for the left internal spermatic vein was per- 
formed. The proximal part of the left internal spermatic vein is only 
seen. (F) In the right internal spermatic vein, the same technique was 
done with multiple coils 
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Fig. 6.1 (continued) 
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Left INGUINAL 


.2 Embolotherapy of recurred left varicocele following varico- (B) Selective venogram of the left internal spermatic vein opacifies 
celectomy in a 24-year-old man. (A) Color Doppler US of the left the left internal spermatic vein (arrows) and multiple parallel chan- 
scrotum in the region of pampiniform plexus with the Valsalva nels (arrowheads). (C) The left internal spermatic vein was embo- 
maneuver shows dilatation of the vessels with prominent flow signals. lized with multiple coils 
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7. Recurrent Varicocele and the Significance of a Nutcracker Phenomenon 


TT” 


Fic Recurred left varicocele following embolotherapy in an 
18-year-old man. (A) The left renal venogram shows reflux of contrast 
material into the dilated left internal spermatic vein (arrows) and prom- 
inent left adrenal vein (arrowheads). Note the compression effect on 
the left renal vein (LRV; curved arrow) at the site where the vein locates 
between the superior mesenteric artery and the aorta. (B) The pressure 
gradient between the LRV and the inferior vena cava (JVC) was 
5 mmHg. (C) Selective left internal spermatic venogram opacifies the 
internal spermatic vein (arrows) and small parallel anastomotic veins 


(arrowheads). (D) The left internal spermatic vein was embolized with 
two 5-mm Gianturco coils. Left renal venogram obtained 10 min after 
the embolization shows no evidence of contrast material refluxing distal 
to the coils, but fine periureteral collateral veins are opacified (arrows). 
(E) This selective left internal spermatic venogram was obtained 
through transjugular approach 3 months after the embolization. It shows 
abundant, fine, collateral channels reconstructing the pelvic portion of 
the left internal spermatic vein (arrows), which is the cause of the recur- 
rence of varicocele (From Kim et al. 1992) 
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(continued) 


Illustrations 


Fig. 7.2 Recurrent varicocele following surgical ligation of the 
internal spermatic vein in a 20-year-old man. Left renal venogram 
shows reflux of contrast material into a thin internal spermatic vein 
(arrows) and multiple collateral channels, including adrenal veins 
(a), renal capsular veins (c), and periureteral veins (u). The patient 
showed a nutcracker phenomenon and the pressure gradient 
between the left renal vein and the inferior vena cava was 8 mmHg 
(From Kim 1999) 
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Introduction 


Seung Hyup Kim 


Penile erection is a complex phenomenon that includes 
coordinated interaction of the nervous, arterial, venous, and 
sinusoidal systems. A defect in any of these systems may 
result in erectile dysfunction. Erectile dysfunction is defined 
as consistent inability to generate or maintain an erection of 
sufficient rigidity for sexual intercourse. 

Although the introduction of sildenafil (Viagra; Pfizer, 
New York, NY) or tadalafil (Cialis; Lilly USA, Indianapolis, 
IN) made the information obtained from imaging studies less 
critical in the management of patients with erectile dysfunc- 
tion, imaging studies such as Doppler ultrasonography (US), 
penile arteriography, and cavernosography with caverno- 
sometry remain the major modalities in the evaluation of 
erectile dysfunction. 

Doppler US is a first-line imaging modality to detect vas- 
cular causes of erectile dysfunction. The parameters that 
indicate the presence of arterial disease are a subnormal clin- 
ical response to vasoactive agents, a less than 60% increase 
in the diameter of the cavernosal artery, and a peak systolic 
velocity (PSV) of the cavernosal arteries less than 30 cm/s. 
If a significant discrepancy exists between the velocities of 
two cavernosal arteries (> 10 cm/s difference), unilateral 
arterial disease should be suspected. 

In the presence of normal arterial function, Doppler find- 
ings suggestive of abnormal venous leak are persistent end- 
diastolic velocity (EDV) of the cavernosal artery greater than 
5 cm/s and demonstration of flow in the deep dorsal vein. 
The development of reversal of the diastolic flow in the cavern- 
osal arteries after intracavernosal injection of vasoactive agents 
is regarded as a reliable indicator of venous competence. 
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Other conditions of the penis that may cause erectile 
dysfunction and may be evaluated with US and Doppler US 
are congenital anomalies, masses, priapism, Peyronie’s disease, 
and trauma-related abnormalities. 


Physiology of Erection 


The normal chain of events leading to penile erection begins 
with psychological factors that cause transmission of para- 
sympathetic impulses to the penis. The walls of the arterioles 
and sinusoids of the corpora cavernosa relax, leading to 
increased inflow of blood through the cavernosal artery. 
With filling of the sinusoidal spaces, corporal veno-occlusive 
mechanism works. The emissary veins leaving the corpora 
are compressed passively against the fibrous tunica albug- 
inea, and rigid penile erection is achieved and maintained. 
Detumescence occurs after ejaculation by neurologically 
stimulated contraction of trabecular smooth muscle in the 
corpora cavernosa. 

Erectile dysfunction is caused by interruptions in the 
above chain of erection including psychogenic, neurogenic, 
arteriogenic, and venogenic causes. Often more than one 
causes are involved. Establishing a specific cause is impor- 
tant particularly in young men because of the high frequency 
of correctable vascular abnormalities in these patients. 
Organic causes are found in 50-90% of cases, and organic 
impotence in the presence of normal endocrine balance and 
an intact nervous system is vascular in origin (either arterial 
insufficiency or venous incompetence) in about 50-70%. 
Pure arteriogenic impotence accounts for about 30% of cases 
and isolated venogenic impotence is found in about 15%. 
Often erectile dysfunction is caused by combined arterio- 
genic and venogenic causes. Occasionally, organic impo- 
tence is caused by morphologic abnormalities of the penis 
such as Peyronie’s disease. 
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Penile Anatomy 


The penis is made up of three corporal bodies; two corpora 
cavernosa and one corpus spongiosum. The corpora cavern- 
osa are the main erectile bodies and the corpus spongiosum 
contains the urethra. A septum divides two corpora cavern- 
osa but contains fenestrations that provide communications 
between both corpora. 

The blood supply of the penis comes primarily from the 
internal pudendal arteries that originate from the anterior 
division of the internal iliac arteries. Each internal pudendal 
artery gives off a scrotal branch, a bulbar artery, and a very 
small urethral artery before continuing as the penile artery 
proper, which branches into a cavernosal artery and a dorsal 
artery at the base of the penis. The cavernosal arteries are the 
primary source of blood flow to the corpora cavernosa, 
whereas dorsal arteries, which lie outside the tunica albug- 
inea, supply blood to the skin and glans of the penis. However, 
multiple anastomotic channels connect the cavernosal arter- 
les with the dorsal arteries. Each cavernosal artery travels 
near the center of each corpus cavernosum as it sends small 
helicine arteries, which communicate directly with the sinu- 
soidal spaces. Venous drainage from the corpora cavernosa 
occurs through small emissary veins, which then drain into 
the dorsal and cavernosal (crural) veins. 


Penile Doppler Ultrasonography 


During the past several years, important changes have 
occurred in the understanding, diagnosis, and treatment of 
erectile dysfunction. Although there are controversies con- 
cerning the value of imaging studies in the evaluation of 
erectile dysfunction, Doppler US of penile vessels remains a 
first-line test to discriminate between hemodynamic abnor- 
malities in the penile inflow and outflow vessels. The diag- 
nosis of an arteriogenic or venogenic impotence, however, 
should be confirmed by penile arteriography and caverno- 
sometry with cavernosography, respectively. 

The hemodynamic function of the penis can be evaluated 
noninvasively by performing color or power Doppler US 
with spectral analysis after injection of a vasoactive pharma- 
cologic agent such as papaverine, phentolamine, or prosta- 
glandin E, as a single agent or in combination to induce an 
erection. Compared with papaverine, prostaglandin E, has 
advantages of slower onset, longer maintenance, less chance 
of priapism, and is at least as effective as papaverine in 
increasing penile blood flow. 

Doppler US is performed in a longitudinal, parasagittal 
plane from a ventral approach, with the patient supine and the 
penis in an anatomic position on the anterior abdominal wall. 
High-resolution US scanners with frequencies of 5-10 MHz 
are used. Color or power Doppler US improves the localization 
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of the penile vessels and thus permits more rapid acquisition 
of Doppler waveforms. Power Doppler US is superior to con- 
ventional color Doppler US in visualizing cavernosal micro- 
circulation. The value of spectral Doppler ultrasound in the 
flaccid penis is questionable. Audiovisual stimulation can be 
used to accelerate the erectile response. There are controver- 
sies with regard to the value of a second injection of vasoac- 
tive agents when the results are inconclusive. 

The following is our protocol of penile Doppler US. In the 
flaccid state, the inner diameter of the cavernosal artery is mea- 
sured. Three to five minutes after an intracavernosal injection of 
10-15 ug of prostaglandin E,, the inner diameter of the cavern- 
osal artery is measured again and Doppler spectra are obtained 
from the proximal cavernosal arteries at the base of the penis. 
Some recommend using a tourniquet when a vasoactive agent is 
being injected, but we do not use it. Because the time after intra- 
cavernosal injection at which the highest PSV is achieved varies 
among individuals, it is important to obtain multiple measure- 
ments, especially when the velocity is subnormal. The dorsal 
penile arteries and deep dorsal vein are also evaluated. Doppler 
angle is kept between 30° and 60°. The sample volume and wall 
filter are set at minimum to maximize Doppler signal. Patients 
should be informed that a prolonged erection for more than 2 h 
after the examination may be hazardous and should return to the 
hospital if the rigid erection lasts longer. 


Normal Penile Doppler Ultrasonography 


Normally, the corpora cavernosa are symmetrical and have 
homogeneous medium-level echoes. The tunica albuginea 
appears as a thin, echogenic line surrounding the corpora. 
The cavernosal arteries are located slightly medially in the 
center of the corpora. The inner diameters of cavernosal 
arteries are 0.3-0.5 mm in the flaccid state and 0.6-1.0 mm 
after an injection of a vasoactive agent. 

The normal progression of cavernosal arterial flow during 
penile erection is well known. In the flaccid state, monopha- 
sic flow is present with minimal diastolic flow. With the onset 
of erection, there is an increase in both systolic and diastolic 
flows. As intracavernosal pressure increases, a dicrotic notch 
appears and a decrease in diastolic flow occurs. With con- 
tinuously increasing intracavernosal pressure, end-diastolic 
flow declines to zero and then undergoes diastolic flow rever- 
sal. Then the systolic envelope is narrowed, and diastolic 
flow disappears completely with firm erection. 


Parameters for Penile Doppler US 


Several parameters have been used to quantify penile arterial 
blood flow, including PSV, EDV, and resistive index. Among 
these indexes, PSV is the most commonly used. The reported 


Introduction 


criteria of PSV used to distinguish normal from impaired 
arterial function vary from 25 to 40 cm/s. However, it is gen- 
erally agreed that a PSV below 25 cm/s indicates arterial 
insufficiency, above 30 cm/s normal, and 25-30 cm/s is 
equivocal. 

It has been reported that PSV varies significantly according 
to the sampling location along the course of a cavernosal 
artery. The proximal cavernosal artery, where it angles poste- 
riorly toward the crus, should be the standard sampling loca- 
tion for Doppler US of the cavernosal arteries. Doppler 
spectral pattern and PSV of the dorsal penile arteries are quite 
variable and usually different from those of the cavernosal 
arteries. 

Arterial compliance reflecting an ability of the vessel to 
dilate is another important parameter. A 60-75% increase in 
diameter of the cavernosal arteries after an intracavernosal 
injection of vasoactive agents with evident pulsation is con- 
sidered adequate compliance of the arteries. 


Arteriogenic and Venogenic Impotence 


The parameters indicating arterial disease are a subnormal 
clinical response to vasoactive agents, a less than 60% 
increase in the diameter of the cavernosal artery, and a PSV 
of the cavernosal arteries below 30 cm/s. If a significant dis- 
crepancy exists between the velocities of the two cavernosal 
arteries (> 10 cm/s difference), unilateral arterial disease 
should be suspected. 

In the presence of normal arterial function, Doppler find- 
ings suggestive of an abnormal venous leak are persistent 
EDV of the cavernosal artery above 5 cm/s and demonstra- 
tion of flow in the deep dorsal vein. However, venous leak 
through the crural veins could not be demonstrated with 
Doppler US. The development of reversal of the diastolic 
flow of the cavernosal artery after intracavernosal injection 
of vasoactive agents is regarded as a reliable indicator of 
venous competence. Patients with arterial insufficiency and 
competent veins who do not achieve adequate rigidity might 
show persistent end-diastolic flow in cavernosal arteries and 
prominent flow in the dorsal veins. Therefore, it is difficult to 
distinguish the patients with isolated arteriogenic impotence 
from those with combined arteriogenic and venogenic impo- 
tence with Doppler US alone. 


Penile Arteriography 


Initial flush arteriography, with catheter located just above 
the iliac bifurcation, is performed to delineate the anatomy 
of the aortic bifurcation and pelvic arteries. Prostaglandin E, 
(20 ug) is then injected into a corpus cavernosum. Each 
internal pudendal artery is selectively catheterized, and 
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arteriogram is obtained at 30-° ipsilateral anterior oblique 
projection with injection of 10-15 mL nonionic contrast 
material. Deep selection of the internal pudendal artery 
should be avoided because it often causes vasospasm. 
Arteriography with catheter tip at internal iliac artery usually 
demonstrates penile arterial anatomy adequately. 

The vascular patterns are highly variable and frequently 
different from classic descriptions. Common anatomic varia- 
tions are dorsal penile-cavernosal perforators, accessory cav- 
ernosal arteries, and bilateral cavernosal arteries arising from 
one penile artery through transverse root communicators. 


Cavernosometry with Cavernosography 


Although significantly different protocols exist, basically 
cavernosometry with cavernosography evaluates the veno- 
occlusive function of the corpora cavernosa. Since it is an 
invasive study, cavernosometry with cavernosography should 
be reserved for selected patients who are candidates for sur- 
gical or interventional management. 

The following protocols of cavernosometry with caverno- 
sography were described by Krysiewicz. Two 21-gauge but- 
terfly needles are placed, one in each corpus cavernosum at 
proximal shaft, one needle for infusion and the other for 
recording of intracavernosal pressure. Baseline intracavern- 
osal pressure is recorded and then 20 ug of prostaglandin E, is 
administered. The clinical response is noted and postinjection 
intracavernosal pressure is recorded 10 min after injection. 
In normal full erection, this pressure should be somewhere 
between 80 and 100 mmHg. 

Then normal saline is infused with use of an infusion 
pump to attain an intracavernosal pressure of 150 mmHg. 
At this point, the infusion is stopped and the rate of fall of 
intracavernosal pressure is recorded over a 30-s interval. 
After this, saline is infused again to attain an intracavernosal 
pressure of 100 mmHg, and the flow rate needed to maintain 
this pressure is noted. From these cavernosometric measure- 
ments obtained, the presence or absence of a venous leak is 
determined. 

Findings that indicate venous insufficiency are a subnor- 
mal clinical response to intracavernosal injection of prosta- 
glandin E,, a postinjection intracavernosal pressure of less 
than 80 mmHg, a greater than 1 mmHg/s drop in intracaver- 
nosal pressure after stopping intracavernosal infusion of 
saline at an intracavernosal pressure of 150 mmHg, and a 
flow rate greater than 10 mL/min to maintain an intracavern- 
osal pressure of 100 mmHg. 

If venous leak is suspected at cavernosometry, caverno- 
sography is performed to demonstrate abnormal draining 
veins by infusing diluted contrast material at the rate needed 
to maintain intracavernosal pressure of 100 mmHg. 
Identification of veins that are incompetent is important in 
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those patients who will subsequently undergo surgical 
ligation or interventional occlusion of the veins. 


Penile Neoplasms 


Although US can show penile neoplasms, magnetic reso- 
nance (MR) imaging with surface coil is the best imaging 
modality in assessment of penile neoplasms. Normal corpora 
cavernosa and corpus spongiosum have intermediate signal 
intensity on T1-weighted images and high signal intensity on 
T2-weighted images. The most important MR imaging 
sequences are T2-weighted and gadolinium-enhanced 
T1-weighted sequences. Pelvic lymph node can be assessed 
with a phased-array pelvic or body coil imaging. Squamous 
cell carcinoma is the most common, accounting for more 
than 95% of all primary penile neoplasms. In cases involving 
metastatic tumors of the penis, the primary tumor is located 
in the urogenital tract in about 70%. 


Miscellaneous Conditions 


Other conditions of the penis causing erectile dysfunction that 
may be evaluated with US and Doppler US are congenital 
anomalies, masses, priapism, Peyronie’s disease, and trauma- 
related abnormalities. Priapism is defined as prolonged, usually 
painful, penile erection not initiated by sexual stimuli. It is 
important to distinguish between the two types of priapism, 
high (arterial) and low (venous) flow, because their treatment 
and prognosis differ. In addition to the gray-scale US findings 
of Peyronie’s disease such as fibrous thickening and calcifica- 
tion of tunica albuginea, Doppler US after an intracavernosal 
injection of vasoactive agents may confirm the correlation of 
the plaques and the penile vessels. Arteriosinusoidal or arterio- 
venous fistulas within the corporal tissue may cause priapism, 
and color Doppler US can identify the location of the fistula. 
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1. Penile Anatomy 
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Fig. 1.1 Cross-sectional anatomy of the penis. (A) Schema of the 
cross-sectional penile anatomy. / Tunica albuginea, 2 Buck’s fascia, 
3 Dartos tunica, 4 skin, a cavernosal artery, b dorsal penile artery, 
c deep dorsal vein, d superficial dorsal vein, CC corpus cavernosum, CS 
corpus spongiosum. (B) Schema of penile arterial anatomy. a internal 
pudendal artery, b artery to the bulb, c spongiosal artery, d penile artery 
proper, e dorsal penile artery, f cavernosal artery, g helicine artery. 
(C) Schema of penile venous anatomy. a superficial dorsal vein, b deep 
dorsal vein, c cavernosal vein. (D) US of the penile shaft in transverse 
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plane shows normal penile anatomy including corpora cavernosa, cor- 
pus spongiosum having urethra (arrow) and cavernosal arteries (arrow- 
heads). (E) T1-weighted MR image shows homogeneous intermediate 
signal intensity of corpus cavernosum and low-intensity tunica albug- 
inea (arrowheads). (F) T2-weighted MR image shows homogeneous 
high-intensity corpus cavernosum and low-intensity tunica albuginea 
(arrowheads). Note low-intensity cavernosal arteries (arrows) in cor- 


pora cavernosa 
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2. Penile Doppler US: Technique and Normal Findings 


Fig. 2.1 Position of penis during penile US. Doppler US is performed 
in a longitudinal plane from a ventral approach with the penis in the AOS 
anatomic position lying on the anterior abdominal wall 


Fig. 2.3 Normal color Doppler US of cavernosal artery. (A) 
Longitudinal color and spectral Doppler of the right cavernosal artery 
in the flaccid state. Color Doppler US shows very small right cavernosal 
artery, and spectral Doppler US shows very weak flow with a low PSV 
Fig. 2.2 Normal color Doppler US of the cavernosal artery. of about 10 cm/s. (B) Color and spectral Doppler US of the same artery 
Longitudinal color Doppler US obtained through a plane including the obtained 3 min after an injection of 10 ug of prostaglandin E, shows 
right cavernosal artery and deep dorsal vein shows the right cavernosal dilated artery and increased systolic and diastolic flow with a PSV of 
artery running from the crus of the corpus cavernosum (C) to the penile 48 cm/s. The right dorsal artery is not included in this image (A and B, 
shaft (S) and sending small helicine branches (arrowheads). Note the From Kim 2001) 

absence of flow in the deep dorsal vein (DDV) 
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Fig. 2.4 Normal power Doppler US of the penis. (A—C) Longitudinal 
power Doppler US images through distal (A), middle (B), and proximal 
(C) portions of the left corpus cavernosum well-demonstrate the left 
cavernosal (C) and dorsal (D) arteries. Note small helicine branches 
demonstrated better here than on color Doppler US. (D) Power Doppler 


US in transverse plane at the level of the distal penile shaft shows prom- 
inent flow signals in helicine branches of the cavernosal arteries. Note 
a prominent flow signal from the left dorsal penile artery (arrowhead), 
but the right dorsal artery is not well demonstrated. Asymmetry of right 
and left dorsal arteries is a common variation 


Illustrations 


Fig. 2.5 Normal power Doppler US of the penis. (A) Power Doppler 
US of the left cavernosal artery using a different color map clearly 
shows left cavernosal artery and helicine branches. (B) Power Doppler 
US with spectral Doppler shows high-resistance pattern of the left cav- 
ernosal artery with a PSV of 83 cm/s. Note reversed end-diastolic flow 
(-11 cm/s) 
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Fig. 2.6 Measurement of inner diameter of the cavernosal artery. (A 
and B) Gray-scale US of the left corpus cavernosum in a longitudinal 
plane before (A) and after (B) intracavernosal injection of prostaglan- 
din E, shows left cavernosal artery (arrowheads). Note that the artery is 
dilated and has a highly echogenic wall after injection on B. The inner 
diameter of the artery is measured on gray-scale US images before and 
after injection. (A and B, From Kim 2001) 
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3. Penile Doppler US: Color and Power Doppler US 


Power Doppler US reveals blood flow more sensitively than 
color Doppler US does, but it does not provide directional information. 
Therefore, power Doppler US should be used in conjunction with color 
Doppler or spectral Doppler US. (A) Power Doppler US of the left cor- 
pus cavernosum shows three vessels. (B) Color Doppler US in the same 


patient as (A) shows two cavernosal arteries (C) and a dorsal artery (D). 
(C) Power Doppler US of the right corpus cavernosum in another 
patient shows multiple vessels. (D) Color Doppler US in the same 
patient as C shows a cavernosal artery (C) and venous flow in the deep 
dorsal vein (V) 


Illustrations 
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4. Temporal Changes of Doppler Spectra of the Cavernosal Artery 
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Serial changes of Doppler spectrum of the right cavernosal 
artery following intracavernosal injection of prostaglandin E,. Note 
changes of PSV and EDV and compare them with changes of curve in 
Fig. 4.2. (A) Three minutes after injection. Note increased systolic and 
diastolic velocities (PSV, 50.4 cm/s; EDV, 13.8 cm/s). (B) Six minutes 
after the injection. Note more increased systolic velocity but decreased 
diastolic velocity (PSV, 55.9 cm/s; EDV 3.1 cm/s). (C) Slightly later, 


more increased systolic velocity and absent or slightly reversed diastolic 
flow (PSV, 61 cm/s; EDV, -8 cm/s). (D) Seven minutes after the injec- 
tion. Note decreased systolic velocity and markedly reversed diastolic 
flow (PSV, 49.8 cm/s; EDV, —10.1 cm/s). (E) Full erection state at 9 min 
after injection. Note weak Doppler signal due to markedly decreased 
flow (PSV, 27.5 cm/s; EDV, —6 cm/s). (A-E, From Kim 2001) 
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Fig. 4.2 Time-velocity curves showing the progression of 
cavernosal arterial blood flow during erection. No specific time 
frame is shown because of the wide variation in temporal response 
to intracavernosal injection of vasoactive agent. A—E correspond to 
the Doppler sampling time in A—E of Fig. 4.1 (Modified from 
Fitzgerald SW, Erickson SJ, Foley WD, et al. Color Doppler 
sonography 1992) 
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5. Penile Doppler US: Technical Considerations 
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Fig. 5.1 The PSV of the cavernosal artery varies significantly accord- 
ing to sampling location. Doppler waveforms obtained at proximal and 
distal portions of a cavernosal artery in early tumescent stage of erec- 
tion. (A) Doppler waveform obtained at the base of the penis, where the 
vessel angles posteriorly (arrow). PSV at this sampling location is 
63 cm/s. (B) Doppler waveform of the same artery obtained immedi- 
ately after A at distal portion of the shaft, where the artery’s course is 
straight (arrow). PSV at this sampling location is 23 cm/s (A and B, 
From Kim 2001)) 
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Fig. 5.2 Doppler waveforms obtained at proximal and distal portions 
of a cavernosal artery in another patient at late tumescent stage of erec- 
tion. (A) Doppler waveform obtained at the base of the penis. PSV at 
this sampling location is 73 cm/s. (B) Doppler waveform of the same 
artery obtained immediately after A at distal portion of the shaft. PSV 
at this sampling location is 29 cm/s (A and B, From Kim 2001) 
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Fig. 5.3 Doppler waveforms are quite different between the cavern- 
osal artery and dorsal artery since dorsal artery is located outside the 
tunica albuginea. (A) Doppler waveform obtained at the left cavernosal 
artery shows high-resistance pattern with reversed diastolic flow. (B) 
Doppler waveform obtained at the left dorsal artery of the same patient 
immediately after A shows low-resistance pattern with prominent, ante- 
grade, diastolic flow (A and B, From Kim 2001) 
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5.4 Air bubbles introduced into the corpus cavernosum during 
injection of a vasoactive agent may hinder adequate Doppler examina- 
tion of the penis. The cavernosal artery is not well demonstrated due to 
air bubbles appearing as multiple, echogenic dots (arrowheads) with 
posterior sonic shadowing 
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6. Penile Arteriography: Normal and Variations 


Fig. 6.1 Normal internal pudendal arteriogram. Right internal pudendal 
arteriogram in right anterior oblique projection performed following 
intracavernosal injection of 20 ug of prostaglandin E, well demonstrates 
internal pudendal artery (a), scrotal branch (b), artery to the bulb of cor- 
pus spongiosum (c), dorsal penile artery (d), cavernosal arteries (e), and 
helicine branches (arrowheads). Note a dorsal penile-cavernosal perfo- 
rator (f) ((A and B, From Kim 2001) Kim 2001) 


Fig. 6.2 Normal internal pudendal arteriogram. (A) Right internal 
pudendal arteriogram shows right internal pudendal artery (a), scrotal 
branch (b), artery to the bulb of corpus spongiosum (c), dorsal penile 
artery (d), and cavernosal arteries (e). (B) Left internal pudendal arte- 
riogram opacifies both left and right penile arteries through transverse 
root communicator (arrowhead). a left internal pudendal artery, b left 
scrotal branch, c left artery to the bulb of corpus spongiosum, dl left 
dorsal artery, dr right dorsal artery, el left cavernosal artery, er right 
cavernosal artery 
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7. Arteriogenic Impotence 


Fig.7.1 A 30-year-old man who had received pelvic bone fracture and 
urethral rupture during a traffic accident 2 years earlier. Penile Doppler 
US revealed significantly lower PSV of the right cavernosal artery 
(14 cm/s) than that of the left cavernosal artery (43 cm/s). (A) Right 
internal pudendal arteriogram shows occlusion of the right internal 
pudendal artery distal to the origin of the scrotal branch (arrowhead). 
(B) Left internal pudendal arteriogram in early phase shows the left 
internal pudendal artery (a), scrotal branch (b), artery to the bulb of 
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corpus spongiosum (c), left dorsal penile artery (d), and left cavernosal 
artery (e). Note faint opacification of the right dorsal penile artery (dr) 
through a root communicator (arrowhead). (C) Late phase of left inter- 
nal pudendal arteriogram well demonstrates the right dorsal penile 
artery (dr), but right cavernosal artery is not well opacified. Note stain- 
ing of bulb of corpus spongiosum (arrowhead). A right dorsal artery to 
right inferior epigastric artery anastomosis was performed in this 
patient. (A-C, From Kim 2001) 


Illustrations 
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Fig. 7.2 A 32-year-old impotent man who received a left femur fracture 
due to a traffic accident 3 years earlier. Penile Doppler US revealed sub- 
normal PSVs of both cavernosal arteries (right, 14.9 cm/s; left, 
25.2 cm/s). PSVs of right and left dorsal penile arteries were asymmetri- 
cal (right, 71.3 cm/s; left, 28 cm/s). (A and B) Power Doppler US image 
(A) and spectra (B) of the penis in axial plane shows communication of 
the right dorsal penile artery (arrow in A) with left cavernosal artery 
(arrowhead in A). Doppler spectra have an upward direction, indicating 
that the flow direction is from the right dorsal artery to the left cavern- 
osal artery. (C) Power Doppler US image in axial plane slightly distal to 
the level of A and B shows communication between the left dorsal penile 
artery (arrow) and right cavernosal artery (arrowhead). (D) Power 
Doppler US image in axial plane immediately distal to C shows com- 
munication between the right (arrow) and left (arrowhead) cavernosal 


arteries. (E) Pelvic arteriogram in anterioroposterior projection shows 
opacification of both right and left, internal and external iliac arteries. 
Also note both the right and left inferior epigastric arteries (arrowheads), 
which are important when vascular reconstructive surgery is considered. 
(F and G) Right internal pudendal arteriograms at an early (F) and late 
(G) phases show right dorsal penile artery (dr) communicating with the 
left cavernosal artery that sends two cavernosal arteries distally (arrow- 
heads). There is a vessel connecting the cavernosal arteries and left dor- 
sal penile artery (asterisk). A, C, D represent the site where Doppler US 
revealed communications in A, C, D, respectively. Also note that the 
distal portion of the right dorsal penile artery (open arrowheads) is 
small, probably due to a steal phenomenon caused by communicating 
vessels. (H) Left internal pudendal arteriogram shows nonopacification 
of the left penile arteries 
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Fig. 7.2 (continued) 
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Fig. 7.3 A 57-year-old man with erectile dysfunction. (A) Doppler US 
of the right cavernosal artery following intracavernosal injection of 
prostaglandin E, shows normal spectral pattern with sharp systolic rise 
and PSV of 67.3 cm/s. (B) Doppler US of the left cavernosal artery 
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shows different spectral pattern with slow systolic rise and lower PSV 
(26.2 cm/s), so-called pulsus tardus and parvus pattern, suggesting 
stenosis of proximal artery. (C) Pelvic arteriogram shows focal stenosis 
at proximal portion of the left internal iliac artery (arrow) 
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8. Cavernosometry/Cavernosography 
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Fig. 8.1 Cavernosometric graph determining the flow rate to maintain 60 mL/min (A) to 10 mL/min (B). In this patient, maintenance flow rate 
intracavernosal pressure of 100 mmHg. Flow rate was decreased from is 10 mL/min (From Kim 2001) 


Fig. 8.2 Cavernosography. With infusion of diluted contrast material, 
penile erection is achieved and both right and left corpora cavernosa are 
opacified. Note that a small amount of venous leak occurs through fine 
crural perforating veins (arrowheads) into the periprostatic venous plexus 
and right internal iliac vein (arrow). Also note two needle tips (open 
arrowheads) in the corpora cavernosa (From Kim 2001) 
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9. Venogenic Impotence 
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Fig. 9.1 A 44-year-old man with venogenic impotence. (A) Doppler 16.7 cm/s. (C) Cavernosography shows corpora cavernosa and venous 
US of the left cavernosal artery in erection status shows normal PSV leak through the deep (arrows) and superficial (arrowheads) dorsal 
(46 cm/s) but slightly high EDV (6.9 cm/s). (B) Doppler US at the deep veins (A-C, From Kim 2001) 

dorsal vein shows prominent venous leak with peak velocity of 
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Fig. 9.2 Another patient with venogenic impotence. Color Doppler 
US shows prominent venous leak with pulsatile flow pattern 


Fig.9.3 A 25-year-old man with venogenic impotence. (A) Doppler US 
of the right cavernosal artery in erection status shows normal PSV 
(38 cm/s) but slightly prominent EDV (6.4 cm/s). Venous flow was not 
demonstrated in the dorsal veins. (B) Cavernosography shows corpora 
cavernosa and prominent venous leak through the crural perforating 
veins (arrowheads) that drain into the periprostatic venous plexus and 
internal iliac veins. Note that the dorsal veins are not opacified (A and B, 
From Kim 2001) 
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10. Peyronie’s Disease 


Fig. 10.1 A 46-year-old man with Peyronie’s disease. (A and B) Plain 
radiographs in craniocaudal (A) and lateral (B) projections show dense 
(arrow) and faint (arrowheads) calcifications in the dorsal aspect of the 
penis in the distal shaft. Note that the left-side calcification is dense 
(arrow) and the right-side one is faint (arrowheads). Also note that the 
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penis is slightly curved upward in lateral projection (B). (C) Transverse 
US shows curvilinear calcifications in the dorsal aspect of both right 
(arrow) and left (arrowheads) corpora cavernosa in the region of the 
tunica albuginea 
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2 A 50-year-old man with Peyronie’s disease. (A) Plain radio- 
graph in lateral projection shows two calcifications (arrows) in the 
distal penile shaft. Note that the penis is angulated downward. (B) 
Transverse US shows curvilinear calcifications (arrows) in the ventral 


aspect of both right and left corpora cavernosa in the region of the 
tunica albuginea. (C) Longitudinal US in left corpus cavernosum 
shows linear calcifications in the ventral aspect of the tunica albuginea 
(arrows) (A-C, From Kim 2001) 
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Fig. 10.3 A 57-year-old man with Peyronie’s disease. (A and B) Transverse (A) and longitudinal (B) US images of the penis shows a nodular 
echogenic lesion with posterior sonic shadowing due to calcification (arrow) 
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11. Priapism 


Fig. 11.1 A 49-year-old man with low-flow priapism. He 
complained of persistent painful erection for 4 days following 

an intracavernosal injection of a vasoactive agent. Doppler US 

of the left the cavernosal artery without intracavernosal injection 
of vasoactive agent shows weak flow signal with low PSV 

(10 cm/s) and high-resistance pattern. Aspiration of the corpus 
cavernosum revealed anoxic blood. Priapism was relieved after 
repeated aspiration of cavernosal blood, and follow-up Doppler US 
revealed restored cavernosal blood flow (From Kim 2001) 
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Fig. 11.3 A 25-year-old man with high-flow priapism that occurred 
following blunt trauma to the penis. (A and B) Transverse (A) and lon- 
gitudinal (B) color Doppler US images of the penis show a high-flow 
pseudoaneurysm (thin arrow) and draining vein (arrowheads). Thick 
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arrows indicate left cavernosal artery. (C and D) Arteriogram of left 
cavernosal artery shows a pseudoaneurysm (arrow) and draining vein 
(arrowhead) 
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Fig. 11.2 A 30-year-old man with high-flow priapism. He complained 
of intermittent persistent erection and penile curvature to the right side 
following a blunt trauma to the penis that occurred 3 years earlier. 
(A) Color Doppler US in transverse plane without intracavernosal 
injection of vasoactive agent shows prominent cavernosal vessels in the 
right corpus cavernosum (arrows). (B and C) Color Doppler US images 


of the right corpus cavernosum in longitudinal plane at the region of 
distal (B) and proximal (C) shaft show prominent blood flow in the 
cavernosal artery forming an entangled vascular mass (arrow in B) in 
the distal penile shaft. (D) Spectral Doppler US obtained in the proxi- 
mal portion of the right cavernosal artery shows prominent blood flow 
with very high PSV (100 cm/s) (A—D, From Kim 2001) 


1028 23 Doppler Ultrasonographic Evaluation of Erectile Dysfunction 


12. Penile Neoplasms 


Fig. 12.1 Penile squamous cell carcinoma in a 59-year-old man. sum and cavernosum of the whole penile shaft (arrows). Note that the 
(A and B), T2-weighted (A) and contrast-enhanced Tl-weighted (B) mass has heterogeneous low signal intensity at T2-weighted image and 
MR images of the penis show a large mass involving corpus spongio- heterogeneous contrast enhancement 


Illustrations 


12.2 Neurilemmoma in the glans penis in a 51-year-old man. 
(A) Transverse US image taken from the dorsal surface of the penis 
shows a well-defined small mass (arrows) in the glans penis. (B) On 
color Doppler US, abundant flow signals were detected within the mass. 
(C) T2-weighted sagittal MR image demonstrates a high signal intensity 


mass (arrow) in the glans penis. (D) On contrast-enhanced, T1-weighted, 
sagittal MR imaging, the mass (arrow) shows strong enhancement. 
(E) Photomicrograph (hematoxylin—eosin, x100) of the resected lesion 
shows mainly Antoni A areas rather than Antoni B areas (C and D, From 
Kim 2001) 
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Fig. 12.3 Recurrent penile hemangioma in a 27-year-old man. (A and B) (C) Color Doppler US in transverse plane shows flow signals in the 
US images in transverse (A) and longitudinal (B) planes show an ill- lesion. (D) T2-weighted MR image in sagittal plane shows high-intensity 
defined, hypoechoic lesion in the right side of the penis with deep exten- masses (arrows) in the penis 

sion into the right corpus cavernosum (arrows). S corpus spongiosum. 


Illustrations 
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Fig. 12.4 A 51-year-old man with metastasis to the penis from transi- 
tional cell carcinoma of the kidney. (A) Contrast-enhanced abdominal 
CT shows a large mass involving whole left kidney and metastatic 
lymph nodes (arrows). (B) US of proximal penile shaft in transverse 


plane shows no significant abnormal findings. (C) Color Doppler US of 
the penis in the same plane as B shows marked hypervascularity of the 
right corpus cavernosum. Biopsy of the penis revealed metastatic tran- 
sitional cell carcinoma 
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13. Penile Prosthesis 


Fig. 13.1 A 60-year-old man who has inflatable penile prosthesis 
(AMS 700 CXM; American Medical Systems, Minnetonka, MN). (A) 
Photograph of an AMS 700 CXM prosthesis. Reservoir (asterisk) is 
filled with normal saline or isotonic contrast material and positioned in 
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the lower pelvis. The pump (p) is inserted into the scrotum and corporal 
cylinders (c) into the corpora cavernosa. (B) Plain radiograph of the 
pelvis shows reservoir (arrowheads), metallic part of pump (arrow), 
and radiopaque cylinder tips (asterisks) 
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2 A 71-year-old man with inflatable penile prosthesis (AMS reservoir (asterisk) is partially collapsed in the inflated state (D). 
700 CXM). (A-D) CT scans showing the penile prosthesis in the non- Arrowheads indicate tubing. c radiopaque tips of cylinder, p penis 
inflated state (A and B) and inflated state (C and D). Note that the 
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14. Miscellaneous Conditions of the Penis 
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Fig. 14.1 Erectile dysfunction in a 60-year-old man with hypercholes- 
terolemia. (A and B, From Kim SH. Imaging for evaluation of erectile 
dysfunction. J Korean Soc Med US. 2001;20:1-13.) (A) Longitudinal 


US of the right corpus cavernosum shows a linear calcification in the 


Fig. 14.2 A 62-year-old man with cavernosal fibrosis caused by 
repeated use of papaverine. Transverse (A) US of the penis shows 
diffusely increased echogenicity of corpora cavernosa. Note that 
echogenicity of the tunica albuginea appears hypoechoic (arrowheads) 
due to high echogenicity of the corpora cavernosa 


distal shaft region (arrows). (B and C) Color (B) and power (C) Doppler 
US images of the same area reveal that the calcification is along the 
course of the cavernosal artery, indicating arterial wall calcification 
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A 69-year-old man with chronic penile abscess. (A) Color shows a large high-intensity mass in the proximal portion of the penis 
Doppler US of the penis in the longitudinal plane shows a large hetero- (arrows). (C) Contrast-enhanced MR image shows strong enhancement 
geneous hypoechoic mass with peripheral flow signals in the penile of peripheral wall and nonenhancing content of the lesion (arrows) 
shaft (arrows). (B) T2-weighted longitudinal MR image of the penis 
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Introduction 


Young Taik Oh and Seung Hyup Kim 


Retroperitoneal space extends from the diaphragm 
cranially to the pelvis caudally and contains many organs. 
Retroperitoneal disease is defined as the pathologies occur- 
ring within the retroperitoneal space but outside the major 
organs in this space. Retroperitoneal diseases can be divided 
into primary retroperitoneal tumors, retroperitoneal fibrosis, 
retroperitoneal lymphadenopathy, and miscellaneous retro- 
peritoneal fluid collections. Primary retroperitoneal tumors 
are a rare but wide range of histologies that arise from the 
mesenchymal tissues, neurogenic tissues, or embryonic rests 
and notochords. Retroperitoneal fibrosis caused by various 
etiologies usually involves the ureters and causes hydroneph- 
rosis and hydroureter either unilaterally or bilaterally. The 
process usually surrounds the abdominal aorta and inferior 
vena cava at the lower lumbar level. There are many lymph 
nodes in the retroperitoneal space. Lymph nodes larger than 
10 mm are generally considered abnormal. However, this 
technique has shown a limitation in accuracy, and ancillary 
findings are more helpful in some cases. The retroperitoneal 
space is also the site for fluid collection including hemato- 
mas, abscesses, urinomas, and lymphoceles. On the basis of 
clinical history and imaging findings, these collections can 
be readily differentiated from neoplastic processes. 

The retroperitoneal—or extraperitoneal space—is bounded 
anteriorly by the posterior parietal peritoneum and posteriorly by 
the transversalis fascia. Retroperitoneal space at the abdomen 
level can be divided into perirenal, anterior pararenal, and posterior 
pararenal spaces. These spaces are bounded by posterior parietal 
peritoneum, anterior renal fascia, posterior renal fascia, latero- 
conal fascia, and transversalis fascia. Perirenal space contains 
kidney and adrenal glands, whereas anterior pararenal space 
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includes the pancreas, duodenum, and ascending and descending 
colons. Posterior pararenal space does not include visceral organs 
but contains only fatty tissue. Understanding retroperitoneal 
anatomy is helpful for radiologic diagnosis and interpretation of 
pathways by which disease spreads. 


Primary Retroperitoneal Tumors 


According to the published literature, retroperitoneal tumors 
primarily occur in the fourth and fifth decades of life, with 
equal sex distribution. There is a wide range of histology of the 
primary retroperitoneal tumors. Most primary retroperitoneal 
tumors arise from the mesenchymal tissues, neurogenic tissues, 
or embryonic rests and notochords (see Table 1). The great 
majority (70-90%) of the retroperitoneal tumors are malignant. 
The three most common malignant tumors of the retroperito- 
neum are liposarcoma, leiomyosarcoma, and malignant fibrous 
histiocytoma. 


Mesenchymal Origin 


Liposarcoma is the most common primary malignant 
retroperitoneal tumor. Liposarcomas have three histologic 
types: (1) well-differentiated liposarcoma with and without 
dedifferentiated components, (2) myxoid and round cell lipos- 
arcoma, and (3) pleomorphic liposarcoma. Well-differentiated 
liposarcoma is made up mostly of fat with only a small amount 
of solid fibrotic stands running through it. Calcifications or 
ossification within a liposarcoma imply a sign of poor prog- 
nosis, often indicating dedifferentiation. Myxoid liposarcoma 
contains no mature fat and shows a relatively low-attenuated 
mass of ground glass opacity on computed tomography (CT). 
Pleomorphic liposarcoma appears as a muscle-attenuation 
mass with regions of necrosis and hemorrhage. This type of 
liposarcoma cannot be differentiated from malignant fibrous 
histiocytoma on imaging. 
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Table 1 Primary retroperitoneal tumors and their origins 


Tissue of origin Tumors 
1. Mesenchymal tissues 

Adipose tissue Lipoma, liposarcoma 
Smooth muscle Leiomyoma, leiomyosarcoma 
Striated muscle Rhabdomyoma, rhabdomyosarcoma 
Connective tissue Fibroma, fibrosarcoma 
Lymph vessel Lymphangioma, lymphangiosarcoma 


Blood vessel Hemangioendothelioma, hemangio- 
pericytoma, angiosarcoma 

Others 
2. Nervous tissues 


Nerve sheath 


Myxoma, myxosarcoma 


Neurofibroma, neurilemmoma, 
malignant schwannoma 
Sympathetic nervous 
system 


Ganglioneuroma, ganglioneuroblas- 
toma, neuroblastoma 

Heterotopic adrenal 
tissue 


Paraganglioma 


3. Embryonic rests 
Embryonic rests 
Notochord 
Embryonic hindgut 


Benign and malignant teratoma 
Chordoma 


Tailgut cyst (retrorectal cystic 
hamartoma) 


Leiomyosarcoma develops from the smooth muscle 
containing retroperitoneal structures and blood vessels are 
the most common source. The imaging characteristics of 
leiomyosarcoma are nonspecific but the diagnosis can be 
suggested when a tumor is intimately associated with the 
renal veins or inferior vena cava. 

Malignant fibrous histiocytoma is reported to be the most 
common soft tissue sarcoma and approximately 15% of these 
tumors arise within the abdominal cavity and the retroperito- 
neum. It occurs most commonly in middle to later adult life. 
Many tumors previously considered fibrosarcoma are now 
diagnosed as malignant fibrous histiocytoma. Retroperitoneal 
malignant fibrous histiocytoma appears as a nonspecific soft 
tissue mass. The lesion is either homogenous or heteroge- 
neous with intratumoral necrosis. Areas of dystrophic calci- 
fication are seen in about 25%. 


Nervous Origin 


Various types of neurogenic tumors occur in retroperitoneal 
space. Benign neurogenic tumors such as neurilemmoma, 
neurofibroma, ganglioneuroma, and paraganglioma, are most 
common among them. Neurilemmoma often shows second- 
ary degenerations such as cystic degeneration, calcification, 
hemorrhage, and hyalinization. Neurofibroma has low atten- 
uation (20-25 Hounsfield units [HU]) on nonenhanced CT 
and often shows myxoid degeneration. Ganglioneuromas 
show a tendency to partially or completely encase major 
blood vessels, with little or no compromise of the lumen. 
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Paragangliomas usually demonstrate marked enhancement 
with areas of hemorrhage or necrosis. 


Miscellaneous Tumors 


Various benign tumors can occur in the retroperitoneum. 
Cystic tumors also uncommonly arise in retroperitoneum, 
including cystic lymphangioma, epidermoid cyst, tailgut cyst, 
bronchogenic cyst, mucinous cystadenoma, cystic mesothe- 
lioma, miillerian cyst, and cystic change in solid neoplasms. 
Epidermoid cysts generally appear as thin-walled, unilocular 
cystic masses with fluid attenuation at presacral retroperito- 
neal space. Tailgut cyst appears as a well-defined multicystic 
mass with attenuation values varying from that of water to 
that of soft tissue and occurs between the rectum and sacrum. 
Bronchogenic cysts manifest as rounded cysts, usually located 
at the subdiaphragmatic space. Teratoma is another common 
benign tumor of the retroperitoneum. Teratoma characteristi- 
cally shows a mixture of various tissues including fat and cal- 
cifications. Although imaging findings are nonspecific in most 
retroperitoneal tumors, occasionally a specific diagnosis may 
be suggested on the basis of following clinical and imaging 
findings; mixed components including fat and calcifications 
in teratoma; homogenous fatty mass in lipoma; presence of 
fat in a mass of heterogeneous density in liposarcoma; large 
regions of necrosis in leiomyosarcoma; hypervascularity in 
hemangioma and hemangiopericytoma; calcified tumor in 
neuroblastoma in a child; catecholamine excess and paraaor- 
tic location in paraganglioma; homogeneous low attention in 
neurofibroma; large vessel encasement without luminal com- 
promise in ganglioneuroma; and prominent cystic degenera- 
tion in neurilemmoma. 


Retroperitoneal Fibrosis 


Retroperitoneal fibrosis is a disease process caused by a number 
of different etiologies. The process frequently involves the 
ureters and causes hydronephrosis and hydroureter either 
unilaterally or bilaterally. The process usually surrounds 
the abdominal aorta and inferior vena cava at the lower 
lumbar level, but sometimes may involve smaller vessels. 
Retroperitoneal fibrosis may extend cranially or caudally, and 
the duodenum or sigmoid colon may be involved. The pro- 
cess can be extensive in the retroperitoneum or can be local- 
ized. Occasionally it is localized around the ureter. Although 
it is regarded as an obstructive uropathy, retroperitoneal fibro- 
sis has been increasingly recognized as a systemic condition. 
There are immune disorders related to retroperitoneal fibro- 
sis, including mediastinitis, thyroiditis, and sclerosing cholangitis. 
Indeed, associations with various immunologic disorders 


Introduction 


and favorable responses to immunosuppressive agents have 
prompted proposals of an autoimmune cause for retroperito- 
neal fibrosis. 

The etiology of the process can be both benign and malig- 
nant. The malignant causes are usually metastatic neoplasm 
to the retroperitoneum, which stimulates a fibrotic reaction 
leading to a fibrotic mass. The most common malignances to 
metastasize to the retroperitoneum causing fibrosis are breast, 
stomach, pancreas, lung, and colon. Hodgkin’s lymphoma 
also may cause malignant retroperitoneal fibrosis. 

Benign retroperitoneal fibrosis may be caused by a num- 
ber of conditions. Several drugs have been known to cause 
this condition, including methysergide, hydralazine, and 
ergotamine. Perianeurysmal fibrosis associated with aor- 
tic disease may cause similar soft tissue mantles around 
the aorta. The presence of an aneurysm with an intimately 
associated rind of fibrotic tissue is usually diagnostic of this 
condition. However, this change can be seen without an asso- 
ciated aneurysm. There are other related causes: inflamma- 
tory conditions (Crohn’s disease, diverticulitis, extravasated 
urine); post-irradiation therapy or chemotherapy; amyloido- 
sis; infection (histoplasmosis, tuberculosis); renal trauma. 
If none of these causes can be found, then the diagnosis of 
idiopathic retroperitoneal fibrosis can be made. 

Obstruction and medial deviation of the ureter is a com- 
mon finding in retroperitoneal fibrosis. Ureteral lumen is 
usually narrowed but not occluded. Loss of peristalsis in the 
involved ureteral segment due to surrounding fibrosis causes 
severe passage disturbance of urine and may cause acute 
renal failure when both ureters are involved. The disease pro- 
gresses slowly but the symptoms often develop suddenly. 

On CT and magnetic resonance (MR) imaging, a fibrotic 
soft tissue mantle is seen around the retroperitoneal structures. 
In the acute phase of this disease, the fibrotic tissue is very 
vascular and edematous by active inflammation. Therefore, it 
is present with intense enhancement on contrast-enhanced CT 
or MR imaging and high signal intensity on T2-weighted MR 
imaging. Steroid therapy may be effective in this phase of the 
disease. Chronic cases usually do not respond to steroid ther- 
apy and urinary diversion is usually necessary if hydronephro- 
sis is present. 


Retroperitoneal Lymphadenopathy 


Retroperitoneal lymph nodes are evaluated most commonly 
with CT or MR imaging. Normal abdominal lymph nodes 
can measure 3—10 mm in size. They are seen mainly around 
the aorta and inferior vena cava. Size criteria have been 
used for distinction of benign from malignant lymph nodes. 
Lymph nodes larger than 10 mm are generally considered 
abnormal. In measuring the size of the lymph nodes, a mini- 
mal axial diameter should be measured instead of a maximal 
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axial diameter. However, the limitation of this technique is 
in identifying micrometastasis within normal-sized nodes 
and excluding enlarged reactive nodes. Ancillary findings 
are more helpful in some cases; presence of fat or calcifica- 
tion, a long and thin shape, or very small size for benignity; 
irregular nodal contour and central necrosis for malignancy. 
A single slightly enlarged node is not necessarily abnormal 
but a cluster of slightly enlarged nodes is almost always a 
sign of disease. 

Abnormal lymph nodes may have certain imaging find- 
ings that may suggest their specific causes. Calcified nodes 
are seen in patients with tuberculosis, and previous chemo- 
therapy or radiation therapy. Low-attenuated necrotic nodes 
may be seen in tuberculosis, and occasionally in metastatic 
testicular tumor. Homogeneous and strong enhancement of 
large single or multiple lymph nodes, sometimes combined 
calcifications, may occur in patients with Castleman disease. 
High-attenuated nodes are seen in Kaposi sarcoma. 

Nodal enlargement must be distinguished from other 
structures such as diaphragmatic crura, prominent vessels, 
nonopacified bowel loops, and psoas minor muscles. 
Adequate contrast enhancement, both oral and intravenous, 
is often necessary to differentiate enlarged lymph nodes from 
other normal structures. 


Miscellaneous Retroperitoneal Fluid 
Collections 


The retroperitoneal space is also the site for fluid collection 
including hematomas, abscesses, urinomas, and lymphoce- 
les. On the basis of clinical history and imaging findings, 
these collections can be readily differentiated from neoplas- 
tic processes. The majority of infectious processes involving 
the perirenal space originate from the kidney. Imaging find- 
ings in infection include interstitial inflammatory edema or 
collections of fluid in and around the perirenal space, diffuse 
or localized gas formation, enlargement of the adjacent kid- 
ney, and thickening of the renal fascia. Xanthogulmatous 
pyelonephritis may extend into the perirenal space. 

Urinomas are collections of urine that have leaked into 
the perirenal space or beyond. The release of urine causes 
rapid lipolysis, which produces a fibrous sac around the urine 
collection. 

Perirenal hematoma may occur after trauma or spontane- 
ously. The two most common causes of spontaneous perire- 
nal hematoma are renal cell carcinoma and angiomyolipoma. 
Hemorrhage that originates from the kidney may be subcap- 
sular or perirenal. Imaging findings of perirenal hematoma 
include irregular, reticular, or confluent collections in the 
perirenal space. The collection has high attenuation when 
subacute. Subcapsular hematoma may be differentiated from 
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perirenal hematoma, although such differentiation is 
occasionally difficult. Subcapsular hematomas produce a 
lenticular or linear shape, whereas perirenal hematoma pro- 
duces a crescentic shape. One potential pitfall that can 
obscure the difference between these two forms of retroperi- 
toneal hematomas occurs when the posterior renorenal bridg- 
ing septum confines a perirenal hematoma, simulating the 
appearance of a subcapsular hematoma. 

Recently, the use of partial nephrectomy or nephron- 
sparing surgery has been rapidly increased for treatment of 
renal masses. Therefore, complications related with nephron- 
sparing surgery also increase, including hematoma, urinoma, 
abscess in retroperitoneal space. 
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24 Retroperitoneum 


1. Normal Anatomy and Variations 


Fig. 1.1 Schematic drawing of 
cross-sectional anatomy of the 
right side of the retroperitoneum 
showing retroperitoneal compart- 
ments divided by renal fascial 
planes (Adapted from Friedenberg 
and Harris 2000 [13]) 


Parietal peritoneum = 


Anterior paranephric space 


Anterior renal fascia 


Renal capsule 
Properitoneal fat 


Lateroconal fascia 


Posterior renal fascia 


Posterior paranephric space 


Fig. 1.2 Retroperitoneal fascial anatomy seen on CT. (A) Contrast- Fig. 1.3 Prominent, hypoechoic, perirenal fat in a 66-year-old man 
enhanced CT in a 46-year-old woman well demonstrates anterior renal with diabetic nephropathy. Ultrasonography (US) of the right kidney 
fascia (arrowheads), posterior renal fascia (arrows), and lateroconal shows increased renal parenchymal echogenicity and prominent, 
fascia (open arrows). (B) Contrast-enhanced CT in a 88-year-old man hypoechoic, perirenal fat mimicking perirenal fluid collection (arrow- 
shows normal kidneys, anterior renal fascia (open arrows), posterior heads). The echogenicity of retroperitoneal fat is variable and some- 
renal fascia (arrows), and lateroconal fascia (open arrows) times may be quite hypoechoic 


Illustrations 


Large psoas minor muscles that can mimic retroperitoneal 
lymphadenopathy in a 49-year-old man who underwent left radical 
nephrectomy for renal cell carcinoma. (A and B) Contrast-enhanced CT 
scans show prominent psoas minor muscles (arrows) located anterior to 
the psoas major muscles (asterisks). The prominent psoas minor mus- 
cles may be confused with retroperitoneal lymphadenopathy especially 
in a patient with history of malignancy 
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Extension of ascites posterior to the kidney in a 58-year-old 
man with peritoneal carcinomatosis from unknown primary tumor. 
Contrast-enhanced CT shows large amount of ascites in the peritoneal 
cavity. Note that the ascites in the left paracolic gutter extends posterior 
to the left kidney (arrows) by dissecting between two leaves of the pos- 
terior renal fascia 


US demonstration of retroperitoneal fascial anatomy in a 
51-year-old man who was receiving peritoneal dialysis for chronic renal 
failure. Transverse US of the right abdomen demonstrates ascites (A), 
right kidney (K), perirenal fat (F), anterior renal fascia (arrowheads), 
posterior renal fascia (arrows), and lateroconal fascia (open arrows). 
C ascending colon 


1046 24 Retroperitoneum 


2. Retroperitoneal Lipoma and Liposarcoma 


Pelvic lipoma in a 28-year-old woman with pain on right hip T2-weighted (D) MR images in axial plane show that the mass 
and buttock. (A) Plain radiograph shows a large, radiolucent mass in (asterisks) has the signal intensity same as the subcutaneous fat. 
the right pelvic cavity (arrowheads). (B) Contrast-enhanced CT shows (E) Tl-weighted MR image in coronal plane well demonstrates the 
a large, fatty tumor (arrows) in the right pelvic cavity with extrapelvic extent of the lipoma (arrowheads). B urinary bladder, U uterus 
extension through the sciatic foramen. (C and D) T1-weighted (C) and 
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Fig. 2.2 Retroperitoneal liposarcoma of well-differentiated type in a in its medial aspect (arrowheads in A and B) suggesting liposarcoma. 
67-year-old man. (A-D) Contrast-enhanced CT scans show a large, retro- Also note a lipoma in the subcutaneous fat of the right lateral abdomen 
peritoneal, fatty mass in the right abdomen extending down to the peri- (arrow in A) and right inguinal hernia (arrowheads in D) 

rectal area (arrow in D). The mass has a non-fatty, soft tissue component 
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Fig. 2.3 Retroperitoneal liposarcoma of the myxoid type in a 68-year-old  Fig.2.4 Retroperitoneal liposarcoma of pleomorphic type in a 30-year-old 
woman. (A) Nonenhanced CT shows a large retroperitoneal mass of woman. (A and B) Nonenhanced (A) and contrast-enhanced CT (B) scans 
slightly low attenuation in the left abdomen. (B) Contrast-enhanced CT show a large retroperitoneal mass of heterogeneous attenuation in the left 
shows heterogeneous enhancement of the mass abdomen (asterisk). D descending colon 
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3. Retroperitoneal Leiomyoma and Leiomyosarcoma 


Fig. 3.1 Retroperitoneal leiomyoma in a 47-year-old woman. At sur- 
gery, the mass was located in the abdominal retroperitoneum. (A) US 
shows a solid mass (arrows) anterior to the right kidney (K). The mass 
has a lobulated margin and the echogenicity of the uterus shows lower 
than renal parenchyma. (B) Nonenhanced CT shows a retroperitoneal 
mass (arrows) of homogeneous attenuation in the right abdomen. Note 
that the attenuation of the mass is similar to that of abdominal muscles 


(M). (C) Contrast-enhanced CT shows that the mass is homogenous and 
enhances well 


Fig. 3.2 Retroperitoneal leiomyosarcoma arising from the wall of the 
inferior vena cava and right renal vein in a 67-year-old woman. (A and 
B) Contrast-enhanced CT scans show a large, lobulated, soft-tissue 
mass in the region of the inferior vena cava and right renal vein. The 
right renal artery (arrowheads), duodenum (d), and pancreas head (p) 
are severely displaced by the mass. Note that the perfusion to the right 
kidney is well preserved 
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Fig. 3.3 Retroperitoneal leiomyosarcoma arising in the wall of the  Contrast-enhanced CT images in axial (B) and coronal (C) planes show 
inferior vena cava in a 65-year-old man. (A) Nonenhanced CT shows a that the enhanced mass (arrows) protrudes into the inferior vena cava (v) 
mass (arrows) posterior to the head of the pancreas (p). (B and C) 
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Fic Large multiple retroperitoneal leiomyosarcomas in the left periphery of the mass (arrows). (C and D) Contrast-enhanced CT scans 
abdomen and pelvic cavity in a 57-year-old man. (A and B) US images in the left abdomen (C) and pelvic cavity (D) demonstrate the tumors 
of the left abdomen (A) and pelvic cavity (B) show large masses with with extensive central necrosis 

extensive cystic degeneration. Some solid portions are seen in the 


) Huge retroperitoneal leiomyosarcoma in a 52-year-old 
woman. (A) T1-weighted transverse MR image shows a huge, soft-tis- 
sue mass (arrows) of heterogeneous signal intensity in the pelvic cavity. 
Note the lesions of high signal intensity suggest hemorrhagic necrosis. 
(B) T2-weighted transverse MR image shows that the mass (arrows) 
with heterogeneous signal intensity displace the uterus (U) and bowel 
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loops (B) in pelvic cavity without invasion. At operation, the origin of 
the mass was retroperitoneum and there was no invasion to the uterus. 
(C and D) T2-weighted (C) and contrast-enhanced Tl1-weighted (D) 
MR images in sagittal plane well demonstrate heterogeneous signal 
intensity and enhancement of the mass. C rectosigmoid colon 
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4. Retroperitoneal Rhabdomyosarcoma 


Fig. 4.1 Perineal rhabdomyosarcoma of the alveolar cell type in a 
15-year-old girl. (A) Tl-weighted MR image in axial plane shows a 
large soft tissue mass with infiltrating margin in the perineum. The sig- 
nal intensity of the mass is higher than that of the muscles. (B) 
T2-weighted sagittal MR image well demonstrates the extent of the 
mass (arrows). The signal intensity of the mass is very high on this 
T2-weighted image. B urinary bladder, C rectosigmoid colon, U uterus 
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5. Retroperitoneal Malignant Fibrous Histiocytoma 


Fi Retroperitoneal malignant fibrous histiocytoma in a 66-year-old 
man. (A and B) Contrast-enhanced CT scans show a lobulated soft-tissue 
mass (asterisks) behind the right psoas muscle (p). Note anteriorly dis- 
placed kidney (K) 


Fig.5.1 Retroperitoneal malignant fibrous histiocytoma in a 61-year-old 
woman. (A and B) Transverse (A) and coronal (B) contrast-enhanced CT 
scans show a large, lobulated, soft-tissue mass (asterisks) of heteroge- 
neous attenuation in the left upper abdomen with invasion of the left dia- 
phragm (arrows) 
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6. Retroperitoneal Lymphangioma 


Fi Retroperitoneal cystic lymphangioma in a 42-year-old perfusion to the right kidney is well preserved. At surgery, the mass 
woman. (A and B) Contrast-enhanced CT scans show a multiloculated, contained whitish lymphatic fluid 
cystic mass encircling the right renal vein (arrow in A). Note that the 


F Retroperitoneal cystic and cavernous lymphangioma in a Tl1-weighted (B), T2-weighted (C) and contrast-enhanced, fat-sup- 
26-year-old woman. (A), Contrast-enhanced CT scan shows a multiloc- pressed, T1-weighted (D) MR images show that the mass has the signal 
ulated cystic mass in the right lower abdomen (arrows). (B-D) intensity of fluid and there are fine internal septa within the mass 
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7. Retroperitoneal Hemangiopericytoma 


Fig. 7.1 Retroperitoneal hemangiopericytoma in a 46-year-old man. (A and B) Contrast-enhanced CT scans show a lobulated mass with very 
strong enhancement (asterisks) in the region of iliac bifurcation (i), anteromedial to the left psoas muscle. a aorta, v vena cava 
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Hemangiopericytoma in the pelvic retroperitoneum with pro- 
trusion into the inguinal region through the obturator foramen and 
metastasis to the liver. (A—C) Contrast-enhanced CT scans of the pelvis 
show a large, lobulated, well-enhancing, soft-tissue mass (asterisks) in 
the pelvic extraperitoneal region bulging into the right inguinal area 
through the obturator foramen with scalloping of the right ischial bone 


(arrowheads in A). The mass shows contrast enhancement stronger 
than that of the muscle. (D) T2-weighted MR image shows heteroge- 
neous signal intensity of the mass (asterisks). (E) CT scan shows a 
large metastatic tumor in the left lobe of the liver with strong peripheral 
enhancement and central necrosis (arrows) 
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8. Retroperitoneal Chondrosarcoma 


Retroperitoneal chondrosarcoma in the left abdomen in a with invasion of the left psoas muscle and left kidney (arrowheads). 
43-year-old man. (A) Plain radiograph shows a large, soft-tissue mass Note mottled calcifications in the mass (arrows). (D) Contrast- 
in the left abdomen (arrows) that contains mottled calcifications enhanced Tl-weighted coronal MR image shows a large necrotic mass 
(arrowheads). (B and C) Contrast-enhanced CT scans show a large, in the left abdomen 
low-attenuated mass in the left perirenal and posterior pararenal spaces 
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9. Retroperitoneal Neurofibroma 
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Fig. 9.1 Neurofibromatosis in a 18-year-old boy with diffuse involve- 
ment of the retroperitoneum and subcutaneous fat of the back. (A and B) 
Contrast-enhanced CT images of the abdomen show multiple, low- 
attenuated masses (arrowheads) in the retroperitoneum and back mus- 
cle. Also note masses in the subcutaneous fat in the back (arrows). 


(C and D) T1-weighted (C) and T2-weighted (D) MR images of lower 
abdomen show innumerable masses (arrows in D) in the retroperito- 
neum and back muscle. Note that signal intensity of the mass is low on 
the T1-weighted image and high on the T2-weighted image 
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10. Retroperitoneal Neurilemmoma 


Fig. 10.1 Retroperitoneal neurilemmoma in a 41-year-old man. (A and B) 
Nonenhanced (A) and contrast-enhanced CT (B) images show a round 
mass in front of the sacrum. Note that the mass has a stalk in the neural 
foramen of the sacrum (arrow) 


2 Retroperitoneal neurilemmoma in a 68-year-old woman. 
(A) Tl-weighted MR shows an ovoid mass (arrows) on the right retro- 
peritoneal space. (B) T2-weighted MR shows relatively high signal 
intensity of the mass (arrows) with a focal cystic portion of bright sig- 
nal intensity (arrowheads). (C) Contrast-enhanced T1-weighted MR 
image shows strong enhancement of the mass. Note no enhancement at 
the cystic portion of the mass (arrowheads) 
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Fig. 10.4 Retroperitoneal neurilemmoma with calcification in a 
55-year-old woman. Contrast-enhanced CT shows a large, round mass 
containing areas of degeneration and calcifications (arrowheads) 


10.3 Retroperitoneal neurilemmoma in a 46-year-old woman. (A 
and B) Nonenhanced (A) and contrast-enhanced CT (B) shows a small, 
round mass (arrow) left to the aorta containing central round necrotic 
areas (arrowhead). D duodenum 
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5 A 35-year-old woman with pelvic extraperitoneal neurilem- 
moma in the left presacral area in front of the piriformis muscle (P). (A) 
Contrast-enhanced CT shows a well-defined, round mass (arrows) con- 
taining multiple necrotic areas of low attenuation in the left pelvic retro- 
peritoneum in front of the piriformis muscle. (B) T1-weighted MR 
image shows a round mass of homogeneous intermediate signal inten- 
sity (arrows) similar to that of the skeletal muscles. The mass is abutting 
and compressing the piriformis muscle. (C) T2-weighted MR image 
shows markedly increased signal intensity of the mass with relatively 


homogeneous appearance. (D) Contrast-enhanced Tl-weighted MR 
image shows the mass composed of radially distributed, nonenhancing, 
necrotic areas and highly enhancing, non-necrotic portions. (E) 
Photomicrograph of non-necrotic portion of the tumor shows two com- 
ponents of the tumor, highly cellular Antoni A tissue (upper right) and 
loose hypocellular Antoni B tissue (lower left). Areas of Antoni B tissue 
were more prominent than those of Antoni A tissue in this case. B uri- 
nary bladder, U uterus (From Kim et al. 1992) 
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Fig. 10.6 Multilobulated retroperitoneal neurilemmoma with verte- 
bral erosion in a 33-year-old woman. (A) Contrast-enhanced CT at the 
level of the lower pole of the right kidney shows a round soft-tissue 
mass with central degeneration in front of the vertebra. (B) CT scan at 
lower level shows a multilobulated mass with erosion of the vertebra 
(arrowheads). In the neurogenic tumors, this finding of vertebral ero- 
sion is not a sign of malignancy 
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ig. 10.7 Retroperitoneal neurilemmoma with extensive sacral bony 
destruction in a 56-year-old man. (A) Contrast-enhanced CT scan at 
pelvic inlet level shows a large presacral mass (arrows). The sacral 
bone is severely destroyed by the mass (asterisk), which is continuous 
with the presacral mass through the right sacral neural foramen (curved 
arrow). Note dilated right ureter and normal-sized left ureter displaced 
anteriorly (arrowheads). (B) CT scan at lower level shows a huge mass 
of heterogeneous attenuation bulging into the right sciatic foramen 
(arrow). Note anteriorly displaced right ureter (arrowhead) and urinary 
bladder (B) 


Fi Retroperitoneal neurilemmoma with cystic degeneration 
and calcification in a 65-year-old woman. (A) Contrast-enhanced CT 
shows a mass with a focal cystic portion (arrowheads) and small calci- 
fications (arrows) anterior to the left kidney (K). (B) Tl-weighted MR 
image shows a round mass of intermediate signal intensity (arrows) 
with a focal portion of low signal intensity (arrowheads). (C) 
T2-weighted MR image shows heterogeneous intermediate signal 
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intensity of the mass with marked increased signal intensity of cystic 
portion (arrowheads). (D) Contrast-enhanced coronal Tl-weighted MR 
image shows the highly enhancing mass with nonenhanced cystic por- 
tion (arrowheads). Note that the small calcifications of CT image are 
not visible in MR images. (E) Cut surface of gross specimen shows an 
area of cystic degeneration (arrowheads) 
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Fig. 10.8 (continued) 
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11. Retroperitoneal Ganglioneuroma 
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F 1.1 Retroperitoneal ganglioneuroma in a 42-year-old woman. 
(A) Contrast-enhanced CT scans show a lobulated, soft-tissue mass 
encircling the left renal artery (arrowheads). The mass shows rela- 
tively low attenuation with minimal enhancement and calcifications 
seen within the mass. Also note that the perfusion to the left kidney is 
well preserved. (B) Tl-weighted MR image shows a lobulated mass 


of intermediate signal intensity (arrows). (C) T2-weighted MR image 
shows heterogeneous signal intensity of the mass (arrows). (D) 
Contrast-enhanced T1-weighted MR image shows the mass with mini- 
mal enhancement. Note the mass encircling the left renal artery 
(arrowhead) and the perfusion to the left kidney is well preserved 
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12. Retroperitoneal Malignant Schwannoma 


Fig. 12.1 Malignant schwannoma of the retroperitoneum in a 37-year-old 
woman. Nonenhanced (A) and contrast-enhanced (B) CT images show 
a large, round mass anterior to the left kidney (K). Note the mass with 
extensive necrosis 


2.2 Malignant schwannoma of the pelvic retroperitoneum in a 
22- -year-old woman. (A) Contrast-enhanced CT shows a large, well- 
enhancing, soft-tissue mass (asterisk) in the pelvic cavity with displace- 
ment of the uterus (U). (B) On Tl-weighted MR image, the mass has 
relatively high signal intensity. (C) T2-weighted MR image shows 
heterogeneous signal intensity of the mass 
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Fig. 12.3 Malignant schwannoma of the left pelvis in a 62-year-old 
woman. Contrast-enhanced CT shows a large, round, soft-tissue mass 
with peripheral calcifications (arrowheads) in the left pelvis. Note scal- 
loping of the iliac bone caused by the mass (arrow) 
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13. Retroperitoneal Neuroblastoma 


l Retroperitoneal neuroblastoma in a 6-year-old child. (A) tissue mass (arrows) with extensive calcifications in the retroperito- 
Transverse US of the mid abdomen shows a large abdominal mass with neum crossing the midline and displacing the inferior vena cava (v) 
extensive calcifications. (B and C) Contrast-enhanced CT shows a soft posteriorly 
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14. Retroperitoneal Paraganglioma 


Fig. 14.1 Retroperitoneal paraganglioma (extra-adrenal pheochromo- (C) CT images show a round, thin-walled, cystic mass a thick-walled, 
cytoma) in a 58-year-old man. (A), US of the right abdomen in trans- cystic mass between the inferior vena cava (v) and right adrenal gland 
verse plan shows a round, thin-walled, cystic mass with internal (arrows). At operation, adrenal gland was intact and the mass was con- 
hemorrhage (arrowheads). (B and C) Nonenhanced (B) and enhanced firmed as a paraganglioma. S superior mesenteric artery 


‘ig. 14.3 Retroperitoneal paraganglioma in a 49-year-old woman with 
severe hypertension and elevated 24-h urine vanillylmandelic acid. 
Fig. 14.2 Retroperitoneal paraganglioma in a 50-year-old man. Contrast-enhanced CT shows a large cystic mass with multiple septa- 
Contrast-enhanced CT shows a round, thick-walled, cystic mass in the like components (arrowheads) in the right abdomen in front of the right 
left abdomen between the aorta (A) and inferior vena cava (V) kidney (K) 
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| Retroperitoneal paraganglioma in a 41-year-old woman. (A) gram (B) and lumbar arteriogram (C) demonstrate tortuous tumor ves- 
Contrast-enhanced CT shows a large solid mass with heterogeneous sels (arrows) supplying the tumor 
enhancement in the left para-aortic region. (B and C) Left renal arterio- 
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Fig. 14.5 Pelvic retroperitoneal malignant paraganglioma in a 26-year-old intermediate signal intensity on T1-weighted image, and heterogeneous 
woman with buttock pain. (A and B) T1-weighted (A) and T2-weighted signal intensity on T2-weighted image. Note multiple lymphadenopathy 
(B) MR images show a huge mass in the pelvic cavity with displacement of (arrowheads) in the left pelvic wall 

the vagina (V) and urinary bladder anteriorly. The mass has homogeneous, 
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15. Retroperitoneal Primitive Neuroectodermal Tumor 


dl 


Retroperitoneal primitive neuroectodermal tumor in a 
40-year-old woman. (A and B) Contrast-enhanced CT scans show a 
multiloculated, soft tissue mass (arrows) in the left abdomen with 
extra-abdominal extension through the intercostal space. (C and D) 
T1-weighted (C) and fat-suppressed T2-weighted with fat suppression 


(D) MR images in axial plan show that the multiloculated mass (arrows) 
has heterogeneous signal intensity. (E) Contrast-enhanced, fat-sup- 
pressed, Tl-weighted coronal MR image well demonstrates heteroge- 
neous signal intensity and enhancement of the multiloculated mass 
(arrows) 
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Fig. 15.2 Retroperitoneal primitive neuroectodermal tumor in a 30-year-old man. (A and B) Contrast-enhanced CT scans show multilobulated, 
soft-tissue masses (asterisks) of heterogeneous attenuation in the lower abdomen and pelvic cavity. P psoas muscles 
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16. Retroperitoneal Teratoma 
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Fig. 16.1 Mature cystic teratoma of the retroperitoneum in a 55-year-old 
woman. (A) Nonenhanced CT shows a large mass containing solid 
fat (F), fluid fat (f), bone and calcifications, and skin. A fetus-like struc- 
ture covered by skin (arrows) is seen, which contains solid fat and verte- 
bra-like bony tissue (arrowheads). Note calcifications (dashed arrows) in 
the wall of the cystic mass. (B-D) T1-weighted (B), T2-weighted (C), 


and contrast-enhanced, fat-suppressed, Tl-weighted (D) MR images 
show various signal intensities in the mass. Note that the signal intensity 
of the solid fat (F) is different from that of the fluid fat (f) on the 
Tl-weighted image (B) but is similar on the T2-weighted image (C). 
Also, fat-suppressed T1-weighted image (D) well demonstrates suppres- 
sion of signal intensity of solid and fluid fat. K left kidney 
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16.2 Retroperitoneal teratoma in a 25-year-old woman. (A and B) 
Axial (A) and coronal (B) contrast-enhanced CT images show a mass in 
the right retroperitoneal space (arrows). Note that the mass is composed 
of mainly solid fat and small calcification 
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Fig. 16.3 Presacral teratoma in a 29-year-old woman. (A) Transvaginal 
US shows a cystic mass that contains echogenic debris and posterior 
sonic shadowing suggesting the presence of calcification. (B) Contrast- 
enhanced CT shows a presacral cystic mass with peripheral calcifica- 
tions (arrowheads). The attenuation of the mass is not suggestive of fat 
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Fig. 16.4 Infected presacral dermoid cyst in a 30-year-old woman 
who complained of constipation. (A) Contrast-enhanced CT shows a 
round cystic mass in the presacral region. The mass has focally thick, 
enhancing, anterior wall (arrowheads) and contains fluid of non-fatty 
attenuation. (B) T1-weighted MR image shows that the mass has signal 


intensity higher than that of the urine in the bladder but similar to that 
of the skeletal muscle. (C) On T2-weighted MR image, the mass has 
very high signal intensity, which is much higher than that of urine in the 
bladder. v upper vagina 
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17. Other Primary Retroperitoneal Tumors 


Perirectal epidermal inclusion cyst manifesting as a pre- 
sacral mass in a 57-year-old man. (A and B) Nonenhanced (A) and 
contrast-enhanced (B) CT scans of the pelvis show a round cystic mass 
(asterisk) in the presacral region. The mass has homogeneous attenua- 
tion and does not enhance after injection of contrast material. The rec- 
tum is stretched by the mass (arrowheads) 


F Malignant lymphoma manifesting as multiple retroperito- 
neal lymphadenopathy in a 69-year-old man. Biopsy of the lymph node 
revealed diffuse small lymphocytic lymphoma. (A-C) Contrast- 
enhanced CT scans show multiple masses of conglomerated lymph 
nodes encircling the aorta, inferior vena cava, and iliac vessels. The 
masses have homogeneous attenuation similar to that of the muscles. 
Note encased vessels (arrowheads) within the masses 
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Fig. 17.3 Presacral tail gut cyst in a 46-year-old woman. (A and B)  T1-weighted (C), sagittal T2-weighted (D), and contrast-enhanced, fat- 
Contrast-enhanced CT shows a large, multiloculated cystic mass (aster- suppressed, T1-weighted (E) MR images show various signal intensi- 
isk) in the presacral region with extension to the perineum (arrows). ties in the multiloculated cystic mass (arrows) with enhancing septa. B 
The rectum is stretched by the mass (arrowheads). (C-E), Axial bladder; U uterus 
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(continued) 


a] 


Fig. 1 Enteric cyst in a 6l-year-old woman. (A) US shows a 
large cystic mass with abundant septa and some solid-appearing 
lesion. (B) Contrast-enhanced CT shows a large cystic mass with 
slightly thick wall in the left abdomen. The mass has a septum (white 
arrowheads) but this finding is not so prominent as on US. Black 
arrowheads indicate ureters 
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Fig. 17.5 Retroperitoneal mucinous cystadenoma in a 46-year-old 
woman. (A and B), Nonenhanced (A) and contrast-enhanced (B) CT 
scans of the abdomen show a thin-walled, unilocular cystic mass 
(arrows) in the right abdomen with displacement of the ascending colon 
(C) to the anteromedial side, indicating retroperitoneal location of the 
mass. Note fine calcification on the wall (arrowheads). Mucinous cys- 
tadenoma can be found in the retroperitoneum either from heterotopic 
ovarian tissue or invagination of peritoneal mesothelial layer with 
metaplasia 
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Pelvic fibromatosis in a 29-year-old woman. (A) T1-weighted 
MR image shows a soft tissue mass in the right ischiorectal fossa 
(arrows). The mass has homogeneous signal intensity that is the same 
as that of the pelvic muscles. (B) T2-weighted MR image well demon- 
strates the mass. The mass is continuous with the vaginal wall (arrow), 
suggesting the origin of the mass. (C) Contrast-enhanced T1-weighted 
MR image shows homogeneous, strong enhancement of the mass 
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18. Metastatic Tumors of the Retroperitoneum 


Granulocytic sarcoma in a 22-year-old woman with acute 
lymphoblastic leukemia. (A and B) Contrast-enhanced CT shows a 
homogeneous soft tissue mass (arrows) between aorta (A) and inferior 
vena cava (V). Note the mass encircling the left renal vein (arrowheads). 
D duodenum 


ig Metastatic pelvic lymph nodes in a patient with uterine cer- 
vical carcinoma. (A and B) T1-weighted (A) and T2-weighted (B) MR 
images show bilaterally enlarged pelvic lymph nodes (arrowheads). 
(C) Contrast-enhanced MR image shows enhancement of the nodes. 
Note absent enhancement of the center of the right pelvic node, sug- 
gesting central necrosis (arrow). At pathologic examination, this node 
had central necrosis and fibrosis (From Kim et al. 1994a) 
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Ovoid nonmetastatic lymph node in a patient with uterine 
cervical carcinoma. (A and B) T1-weighted (A) and contrast-enhanced 
T1-weighted (B) MR images show an ovoid node in the left pelvic cav- 
ity (arrow) that enhances slightly after injection of contrast material. At 
pathologic examination, there was no metastasis in any of the 39 pelvic 
nodes sampled (From Kim et al. 1994a) 


Ovoid metastatic lymph nodes in a 59-year-old woman. 
Hysterectomy and bilateral salpingo-oophorectomy were done previ- 
ously for clear cell carcinoma of the left ovary. (A and B) T1-weighted 
(A) and T2-weighted (B) MR images show enlarged, ovoid nodes 
(arrows) behind the external iliac vessels. (C) T1-weighted MR image 
obtained | year later shows enlarged nodes (arrows), suggesting that 
they are metastatic nodes 


Fig. 18.5 Extensive metastatic lymphadenopathy in an 83-year-old 
man 1 with prostate cancer. (A) Contrast-enhanced CT of the pelvic cav- 
ity shows bilateral pelvic node metastases (arrowheads). (B) CT scan at 
the level of lower abdomen shows extensive node metastases (arrows) 
around the aorta and inferior vena cava 
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g » Retroperitoneal metastatic lymphadenopathy in a 26-year-old 
man n with testis tumor. (A) US of the lower abdomen in transverse plane 
shows a large mass (arrows) around the aorta (a) and inferior vena cava 
(v). Note that the echogenicity of the inferior vena cava is higher than 
that of the aorta, suggesting thrombosis. (B) Contrast-enhanced CT 
shows the masses of heterogeneous attenuation caused by conglomer- 
ated metastatic lymph nodes. Note the thrombosis of the inferior vena 
cava (arrow) 
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Retroperitoneal metastatic lymphadenopathy in a 69-year- 
old man with prostate cancer. Contrast-enhanced CT shows extensive 
retroperitoneal node metastases (arrows). a aorta; v inferior vena cava 


> Retroperitoneal metastasis along the course of the left ureter 
in a 55-year-old man who underwent left orchiectomy for malignant 
lymphoma of diffuse large cell type. (A) Contrast-enhanced CT shows 
a mass of homogeneous attenuation in the left renal hilar region (aster- 
isk) with dilatation of the left renal pelvis (p). (B) CT scan at lower level 
shows a mass encasing the left ureter (arrowhead). (C) Delayed CT 
scan confirms that the low-attenuated structure in the mass is the ureter 
(arrowhead) 
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Fig Large metastatic pelvic lymph node in a 65-year-old 
woman with uterine cervical carcinoma. Contrast-enhanced CT shows 
a large metastatic node (asterisk) between aorta (4) and the left psoas 
muscle (P) 


Fig. 18.9 Calcified metastatic lymph node in a 76-year-old man who 
received hormone therapy for prostate cancer. Contrast-enhanced CT shows 
a lymph node with dense calcification (arrow) in the right pelvic cavity 


Fig. 18.10 Metastatic pelvic lymphadenopathy engulfing surgical 
clips that were used in radical nephrectomy for renal cell carcinoma of 
the left kidney in a 62-year-old woman. (A and B) Contrast-enhanced 
CT images with soft tissue window (A) and bone window (B) show 
large lymph nodes (arrows) engulfing surgical clips (arrowheads) in the 
left retroperitoneal space. Note the destruction of vertebral body 
(dashed arrows) 
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Retroperitoneal metastatic lymphadenopathy mimicking a 
primary retroperitoneal tumor in a 39-year-old woman with uterine cer- 
vical carcinoma. Contrast-enhanced CT shows a round retroperitoneal 
mass (asterisk) mimicking a primary retroperitoneal tumor such as neu- 
rogenic tumor. Note destruction of the vertebra by the mass (arrow). 
There are other small lymph nodes (arrowheads) behind the common 
iliac arteries suggesting metastatic lymphadenopathy 


c Multiple metastatic lymph nodes in the retroperitoneum 
demonstrated on US in a 53-year-old woman with uterine cervical car- 
cinoma. (A and B) US images of the abdomen in transverse plane shows 
multiple, hypoechoic nodes (arrowheads) around the aorta (a). (C) 
Contrast-enhanced CT well demonstrates multiple metastatic lymph 
nodes (arrowheads). v inferior vena cava 


| 14 Retroperitoneal metastatic lymphadenopathy with ipsilat- 
eral lymphedema. (A) Contrast-enhanced CT shows a large mass com- 


posed of conglomerated metastatic lymph nodes in the left 
retroperitoneum. Note that the mass extends behind the common iliac 
arteries (c) and destroys the vertebra (arrowheads). (B) CT scan at the 
pelvis level shows increased soft tissue streaks in the subcutaneous tis- 
sue (arrows) on the left side due to lymphedema 
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i » Necrotic nodes in tuberculous lymphadenopathy in a 
32-year old woman. (A and B) Contrast-enhanced CT images show 
multiple, enlarged lymph nodes, which have low attenuation due to 
caseation necrosis (arrows) 


Illustrations 1089 


Fig. 18.16 Metastatic melanoma in the perirectal region in a 63-year-old shows a mass of heterogeneous attenuation (arrows) between the prostate 
man who underwent surgery for malignant melanoma in the left inguinal (P) and rectum (R) with invasion of those organs. Note fibrotic scar in the 
region 2 years earlier. (A) Transrectal US shows alarge mass of heterogeneous left inguinal region due to previous surgery for the primary tumor in this 
echogenicity (arrows) adjacent to the prostate. (B) Contrast-enhanced CT region (arrowheads) 
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19. Retroperitoneal Fibrosis 


BS A taa cl N 

A 55-year-old woman with idiopathic retroperitoneal fibro- 
sis. (A) Intravenous urogram (IVU) taken 30 min after injection of con- 
trast material shows hydronephrosis and hydroureter on the right side 


due to ureteral obstruction (arrow). (B) Retrograde pyelography (RGP) 
shows severe focal stenosis of the right distal ureter (arrow) with 
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smooth margin. (C) Surgery disclosed severe retroperitoneal fibrosis. 
Adhesiolysis, ureteroureterostomy, and intraperitonealization of the 
ureter were performed on the right side. Follow-up IVU shows relieved 
ureteral obstruction and lateral deviation of the right ureter due to previ- 
ous intraperitonealization (arrow) (From Lee et al. 1999) 
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Fig. 19.1 (continued) 
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Fig. 19.2 A 64-year-old man with idiopathic retroperitoneal fibro- anterior and lateral to the aorta (A). (D) Contrast-enhanced CT shows 
sis. (A) RGP shows smooth stricture of the right distal ureter a soft tissue mantle (arrows) around the abdominal aorta (A) and 
(arrows). (B and C) Abdominal US images in transverse (B) and inferior vena cava (V) 

longitudinal (C) planes show hypoechoic soft tissue mantle (arrows) 
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1 A 69-year-old woman with retroperitoneal fibrosis.(A)RGP cava (V). (C) T2-weighted MR image shows that the mass (arrows) has 
shows smooth stricture of the left proximal ureter (arrows) and hydro- a signal intensity slightly similar to the psoas muscle. Hydronephrosis 
nephrosis of the left kidney. (B) Contrast-enhanced CT shows a soft is seen at the left kidney 
tissue mantle (arrows) around the abdominal aorta (A) and inferior vena 
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Fig. 19.4 A 24-year-old woman with idiopathic retroperitoneal fibrosis. image. The signal intensity of the mass on T2-weighted image can be dif- 
(A) Contrast-enhanced CT shows a soft tissue mantle (arrows) around the ferent according to the stage of fibrosis. (D) Contrast-enhanced, fat- 
abdominal aorta (A). T1-weighted (B) and fat-suppressed, T2-weighted suppressed, T1-weighted MR image shows enhancing soft tissue mass 
(C) MR images show low signal intensity of the mass (arrows) on (arrows) with encasement of the aorta. V inferior vena cava 

Tl-weigted but high signal intensity on fat-suppressed T2-weighted 


Fig. 19.5 A 57-year-old man with retroperitoneal fibrosis treated with head). (B) Follow-up, contrast-enhanced CT obtained 6 months later 
steroid therapy. (A) Contrast-enhanced CT shows a soft tissue mantle shows disappeared soft tissue mantle around the left common iliac artery 
(arrows) around the left common iliac artery (C) and left ureter (arrow- (arrow). Also note that the left ureter is well identified (arrowhead) 


Illustrations 
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€ ).6 A 56-year-old woman with retroperitoneal fibrosis treated 
with steroid. (A) RGP shows smooth stricture of the right distal ureter 
(arrows). (B) Contrast-enhanced CT shows enhancing soft tissue man- 
tle (arrows) around the right common iliac artery. Note that the right 


ureter (arrowhead) is dilated and encased by the lesion. (C) Follow-up 
CT scan obtained 4 months later with steroid therapy shows disap- 
peared soft tissue mantle and improved ureteral obstruction. Arrowhead 
indicates the normalized right ureter with opacification 
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A 65-year-old man with retroperitoneal fibrosis treated with 
steroid. (A and B) Contrast-enhanced CT scans show a soft tissue mass 
(arrows) encircling the left iliac arteries (black arrowheads). Note that 
the right ureter is defined (white arrowhead) but the left ureter is 
involved and is not identified. (C) T2-weighted MR image shows that 
the mass (arrows) has a signal intensity slightly higher than that of the 


psoas muscle. The left common iliac artery (arrowhead) is encased by 
the lesion. (D) Contrast-enhanced T1-weighted MR image shows strong 
enhancement of the lesion (arrows). The left common iliac artery 
(arrowhead) is encased by the lesion. (E) Follow-up contrast-enhanced 
T1-weighted MR image with fat suppression shows that the mass disap- 
peared and the left common iliac artery is well identified (arrowhead) 


Illustrations 


[> 


) Perianeurysmal fibrosis in a 66-year-old man. (A) RGP 
shows smooth stenosis on both midureters (arrows). (B and C) 
Abdominal US images in transverse (B) and longitudinal (C) planes 
show a large, hypoechoic, soft-tissue mantle (arrows) around the dilated 
aorta (A). (D) Contrast-enhanced CT shows the soft tissue mantle 
around the dilated abdominal aorta. Note that the aorta has thick mural 
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thrombi (asterisks). Both ureters (arrowheads) are adherent to the 
periphery of the soft tissue mantle. T1-weighted (E) and T2-weighted 
(F) MR images show low signal intensity of the mass on both pulse 
sequences. Note that the signal intensity is higher in the left aspect of 
the mass (curved arrow). Also note that the signal intensity of the mural 
thrombi (arrowheads) in the aorta is heterogeneous 
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(continued) 
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A 29-year-old woman with perianeurysmal fibrosis with 
ureteral obstruction caused by mycotic aneurysm of the iliac artery. (A) 
Two-hour delayed IVU in oblique projection shows obstruction of the 
right distal ureter (arrow) with hydronephrosis and hydroureter. 
Contrast material already has been excreted from the left urinary tract. 


(B) Contrast-enhanced CT shows aneurysm of the right iliac artery 
(asterisk) with low-attenuated mural thrombi (arrowheads) and enhanc- 
ing soft tissue mantle (arrows) around the aneurysm. (C) Arteriography 
shows faintly opacified, large aneurysms (arrows) in the right internal 
iliac artery (From Lee et al. 1999) 
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Fig. 19.10 Presacral retroperitoneal fibrosis causing right ureteral 

obstruction in a 72-year-old man. Surgery and adhesiolysis confirmed 

the diagnosis of idiopathic retroperitoneal fibrosis. (A) RGP shows 

obstruction of the right distal ureter (arrows). (B) Contrast-enhanced 

CT shows thick soft tissue mantle in the presacral area (asterisk). Note Fig. 19.11 A 38-year-old man with presacral retroperitoneal fibrosis, 

that both iliac vessels (arrowheads) are encased by the mass which was confirmed at transrectal US-guided biopsy. (A and B) Contrast- 
enhanced CT scans show a presacral soft-tissue mass (asterisk) infiltrat- 
ing into the levator ani muscle. (C) Transrectal US shows that the lesion 
is hypoechoic (arrows) and infiltrates into the surrounding structures 
(arrowheads) 
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Idiopathic retroperitoneal fibrosis manifesting as a perire- 
nal mass in a 33-year-old man. (A-C) Contrast-enhanced CT scans 
show a large, lobulated mass of heterogeneous attenuation localized to 
the right perirenal space. Right nephrectomy and mass excision dis- 
closed retroperitoneal fibrosis (From Lee et al. 1999) 


I A 47-year-old man with idiopathic retroperitoneal fibrosis 
involving the renal sinus. (A) IVU shows bilateral hydronephrosis 
caused by smooth narrowing of the renal pelvis (arrows). (B) Contrast- 
enhanced CT shows dilated calyces. Renal sinus fat is not demonstrable 
due to infiltration of soft tissue lesion in the renal sinus with narrowing 
of the renal pelvis and calyceal infundibuli 
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Fig. 19.14 Idiopathic retroperitoneal fibrosis manifesting as perirenal encircling both kidneys. Note the ureteral stents in both kidneys. (B) 
soft tissue lesions encircling both kidneys in a 32-year-old man. (A) T2-weighted coronal MR images show dark signal of the perirenal lesions, 
Contrast-enhanced CT shows a soft tissue mantle in the perirenal spaces indicating that the lesions are composed of mature fibrotic tissue 
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20. Retroperitoneal Abscess 
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A 68-year-old man with retroperitoneal abscess. (A and B) Contrast-enhanced CT scans show a large retroperitoneal abscess involving 


the left perirenal and anterior pararenal spaces. K kidney 


- Subcapsular and perirenal abscesses communicating with the 
small bowels in an 82-year-old woman with long-standing diabetes mel- 
litus. (A) Contrast-enhanced CT shows subcapsular fluid collection 
(arrows) posterior to the left kidney. Also note dilated left renal pelvis 
(P) and a stone in the gall bladder (arrowhead). (B and C) CT scans at 
lower level show that the abscess (arrows) extends to the lower perirenal 


space encircling the proximal ureter (arrowhead). Note gas bubbles in 
the abscess cavity suggesting either gas-forming bacterial infection or 
communication with the bowel. (D) Percutaneous catheter drainage was 
done, and injection of contrast material through the catheter demon- 
strates abscess cavity (asterisk) communicating with the small bowels. 
Also note stones in the gall bladder (arrowheads) 


Illustrations 


Fig. 20.3 A 65-year-old man with retroperitoneal abscess that occurred 
after radical prostatectomy for prostate cancer. (A) Contrast-enhanced 
CT scans show multiloculated abscess (arrows) with thick, enhancing 
rim in the left pelvic wall, which was managed with percutaneous 
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drainage. Note the left external iliac artery (arrowhead) is encased by 
the abscess and the external iliac vein is not delineated. (B) CT scan at 
the lower pelvis shows low density within the left femoral vein (arrow- 
head), suggesting thrombosis 
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21. Retroperitoneal Urinoma 


Fig.21.1 A 61-year-old woman with a large urinoma in the left perire- 
nal space after partial nephrectomy for renal cell carcinoma. (A and B) 
Axial (A) and coronal (B) contrast-enhanced CT images show a large 
amount of fluid collection in the left perirenal space (arrows) due to 
urinoma. Also note dilated renal pelvis (P) and decreased perfusion in 
the left kidney 


Fig.21.2 Urine leak into the perirenal space in a 46-year-old man who 
had a renal injury by a traffic accident. (A) Contrast-enhanced CT 
shows considerable amount of fluid collection in the right perirenal and 
posterior pararenal space. Axial (B) and coronal delayed (C) CT images 
show contrast material (asterisk) in the right perinephric and pararenal 
space due to leakage of urine 


Illustrations 


22. Retroperitoneal Hematoma 


1105 


1 Retroperitoneal hematoma that occurred due to spontaneous 
rupture of renal cyst in 45-year-old man. (A) US of the abdomen in 
longitudinal plane shows a ovoid fluid collection (arrows) in the left 
retroperitoneal space. Note that the lesion has heterogeneous internal 
echoes. (B) Contrast-enhanced CT shows a low attenuated lesion 
(arrows) in the left perirenal space. Note that the lesion is continuous 


with the left kidney parenchyma, suggesting the origin of the lesion. 
Tl-weighted (C) and fat-suppressed, T2-weighted (D) MR images 
show low signal intensity of the lesion (arrows) on both pulse sequences. 
(E) Contrast-enhanced, fat-suppressed, Tl-weighted MR shows no 
internal enhancement of the lesion (arrows). On operation, this lesion 
was confirmed as a hematoma due to spontaneous rupture of renal cyst 
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Old subcapsular hematoma in a 46-year-old woman. (A) A 
15-min IVU shows large left kidney and compressed calyces. Note 
double contour of the kidney in the lower polar region (arrowheads). 
(B) Contrast-enhanced CT shows a large subcapsular mass with a thick 
wall (arrowheads) that suggests old subcapsular hematoma 


Spontaneous subcapsular hematoma in a 45-year-old man 
with liver cirrhosis. (A) US of the left kidney shows a large amount of 
subcapsular fluid (arrows) deforming renal contour (arrowheads). (B) 
Spectral Doppler US of the left kidney obtained at the intrarenal artery 
shows elevated resistive index (0.74) probably due to compression by 
the subcapsular hematoma. (C) Nonenhanced CT shows high-attenu- 
ated subcapsular hematoma (arrowheads) posterior to the left kidney. 
Also note ascites in the peritoneal cavity (asterisk) 


Illustrations 


Extensive retroperitoneal hematoma in a 32-year-old man 
with hemophilia. Nonenhanced (A) and contrast-enhanced (B) CT 
scans of the abdomen show extensive hematoma in the right retroperi- 
toneum (arrows). Note that the hematoma has heterogeneous high 
attenuation on nonenhanced CT and the extent of the hematoma is well 
delineated on contrast-enhanced CT. Note that the hematoma (aster- 
isks) extends into the psoas muscle (P) 


1107 


Fig. 22.5 Retroperitoneal hematoma that occurred following renal 
biopsy in a 22-year-old woman. (A) Nonenhanced CT shows a high- 
attenuated hematoma (arrows) in the left perirenal space. Contrast- 
enhanced axial (B) and coronal plane (C) CT images show a perinephric 
hematoma inferior to the left kidney. Note the low-density line at the 
left kidney (arrowhead), suggesting a site of previous renal biopsy 
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23. Other Fluid Collections of the Retroperitoneum 


Fig. 23.1 Idiopathic perirenal lymphangiectasia in a 29-year-old man. (A and B) Contrast-enhanced CT images show perirenal fluid collection in 
the perirenal and anterior pararenal spaces with midline cross (F) 


ig. 23.2 Idiopathic perirenal lymphangiectasia in a 41-year-old man. T2-weighted MR images in axial (B) and sagittal (C) planes show that 
(A) Contrast-enhanced CT shows fluid collection around the left kidney, the lesions in the perirenal space (arrows) and renal sinus (F) have 
probably in the perirenal space and marginated by the bridging septa homogeneous high intensity. (D) Contrast-enhanced T1-weighted MR 
(arrows). Also note parapelvic cysts in the renal sinus (F). (B and C) image in axial plane shows that the lesions (arrows) do not enhance 
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Fig. 23.3 Retroperitoneal fluid collection in traumatic pancreas avul- 
sion of the pancreatic head in a 50-year-old man. Contrast-enhanced CT 
scan shows extensive fluid collection (F) in the perirenal and anterior 
pararenal spaces 


Fig. 23.4 Postoperative lymphocele in a 52-year-old woman who 
underwent radical hysterectomy and pelvic node dissection for uterine 
cervical carcinoma 6 months ago. (A) Contrast-enhanced CT shows a 
large, thin-walled, cystic lesion (arrows) in the left pelvic wall. (B) 
Follow-up CT scan obtained 4 months after percutaneous sclerotherapy 
shows shrinkage of the previous cystic lesion with small residual lesion 
(arrows) 
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24. Miscellaneous Retroperitoneal Diseases and Calcifications 


Echinococcal cysts in a 43-year-old man who visited Saudi cystic mass with abundant septa in the right pelvic cavity (arrows). 
Arabia 10 years earlier. (A) Transrectal US in transverse plane shows a T2-weighted axial (D, E) and sagittal (F) MR images well demonstrate 
large, septated, cystic mass (arrows) in the right pelvic cavity above the the septated cystic mass (arrows). B urinary bladder 
prostate (P). (B and C) Contrast-enhanced CT scans show a thick-walled 
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A 60-year-old man with retroperitoneal paragonimiasis. The 
surgery confirmed pelvic paragonimiasis. (A and B) Contrast-enhanced 
CT scans show multiple, lobulated, enhancing lesions in the right 
retroperitoneal space (arrow in A) and anterior abdomen cavity (arrows 
in B). Note the infiltrations around the lesion in retroperitoneum 


(arrowheads in A). (C and D) T1-weighted (C) and T2-weighted (D) 
MR images show that the lesion (arrows) has heterogeneous signal 
intensity. (E) Contrast-enhanced, fat-suppressed, Tl-weighted MR 
shows enhancement of the lesion (arrows) (From Kim et al. 1994b) 
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A 36-year-old woman with chronic pelvic paragonimiasis. 
(A) Plain radiograph shows numerous, faintly calcified, nodular lesions 
in the right pelvic cavity (arrows). Note an intrauterine device (arrow- 
heads). (B) Longitudinal US shows multiple echogenic nodules (arrows) 
with posterior sonic shadowing behind the uterus (U). Also note a small 
amount of fluid in rectouterine pouch (curved arrow). (C) Contrast- 
enhanced CT shows multiple, round, calcified nodules (arrowheads) in 


the right pelvic cavity adjacent to the uterus (U) and rectum (R). (D) 
Photograph of the outer and cut surfaces of one of the removed nodules 
shows a cystic lesion filled with yellow-brown cheesy material. (E) 
Photomicrograph of the lesion demonstrates fibrotic wall with scattered 
calcification and ova (arrow). Hematoxylin—eosin staining (40x) (From 
Kim et al. 1994b) 
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Fig. 24.4 Calcified medial umbilical ligament in a 52-year-old woman 
who underwent radical hysterectomy and radiation therapy for uterine 
cervical carcinoma 14 years ago. (A) Plain radiograph of the pelvis 
shows linear calcifications (arrowheads) in both right and left pelvic 
cavities. (B and C) Contrast-enhanced CT scans show that the calcifica- 
tions are located in the medial umbilical ligaments and umbilicovesical 
fascia (arrowheads) 


1113 


ig. 24.5 Sacrospinous ligament calcification in a 42-year-old woman 
with rectal cancer. (A) Plain radiograph shows a linear calcification 
(white arrows) continuous with the right ischial spine (black arrow). 
Also note radiopacities of rings for tubal ligation (arrowheads). (B) 
Contrast-enhanced CT confirms that the calcification (arrow) is located 
in the course of sacrospinous ligament 
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F Large calcified aneurysm in a 50-year-old woman. (A) Plain 
radiograph shows a large mass with egg-shell calcifications (arrows) in 
the left pelvic cavity. (B and C) Nonenhanced (B) and contrast-enhanced 
(C) CT scans demonstrate that the mass has a densely calcified rim 
(arrows) and show homogeneous enhancement. Also note dilated left 
internal iliac vessels (asterisks). B urinary bladder; U uterus 


Fig. 24.7 Calcified mesenteric lymph nodes in a 58-year-old man with 
history of pulmonary tuberculosis. (A and B) IVU images in anterior- 
posterior (A) and oblique (B) projections show calcifications (arrows) 
anterior to the left kidney. (C) Contrast-enhanced CT scans show that 
the lesions are calcified mesenteric lymph nodes (arrows) 
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Fig. 24.8 Pneumoperitoneum due to perforation of the sigmoid colon 
during colonoscopy in a 57-year-old woman. Plain radiograph shows 
air collections in the retroperitoneal spaces 
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Introduction 


Byung Kwan Park and Jung Suk Sim 


Incidental solid adrenal masses are not uncommon in daily 
practice. The adrenal glands are routinely scanned on every 
computed tomography (CT) scan or magnetic resonance 
(MR) image of the abdomen and chest. Although various 
diseases involve the adrenal gland, almost all adrenal lesions 
detected are benign in patients without a history of malig- 
nancy. Therefore, the diagnostic approach to adrenal lesions 
in these patients should not be as aggressive as those in onco- 
logic patients. 

For the past decade, adrenal CT protocols have helped 
differentiate adenoma and nonadenoma in patients with a 
history of malignancy. CT is most commonly used for dif- 
ferentiation using CT density and enhancement pattern. 
Adenomas contain so much cytoplasmic lipid that approxi- 
mately 70% of these lesions measure <10 Hounsfield units 
(HU). Early wash in and out of iodine contrast material is a 
characteristic finding for adenomas. MR imaging is also 
sensitive to identifying adenoma using chemical shift imag- 
ing but MR accuracy for adenomas measuring more than 
30 HU on nonenhanced CT (NECT) images decreases 
abruptly. 

Most functional adrenal masses are frequently diagnosed 
using biochemical hormone tests before imaging studies. 
Therefore, radiologists should be focused on the size, loca- 
tion, and number of these lesions, as well as lesion charac- 
terization. This chapter describes (1) how adenoma and 
nonadenoma can be differentiated, (2) which imaging 
modality is optimal for the differentiation, and (3) imaging 
features of various nonadenomas other than metastatic 
lesions. 
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Adrenal Incidentaloma 


In patients with a history of extra-adrenal malignant tumors, 
an adrenal mass, so called incidentaloma, may be inciden- 
tally detected on follow-up CT or MR images that are per- 
formed at routine schedule. Determining if the adrenal mass 
is adenoma or nonadenoma is very important for the man- 
agement plan and a patient’s prognosis. If the lesion is an 
adenoma, observation is only required for management. 
If the lesion is a nonadenoma, however, positron emission 
tomography (PET) CT or biopsy should be performed to 
exclude a possibility of metastasis. Therefore, imaging studies 
can play a significant role in the differentiation of adenoma 
and nonadenoma. 


Ultrasonography 


Ultrasonography is not routinely used for characterizing 
adrenal masses because this imaging modality frequently 
cannot detect adrenal masses. This examination can be used 
for guiding a biopsy of a large adrenal mass that is sono- 
graphically visible and accessible. 


Computed Tomography 


CT has been established as the best imaging modality to dis- 
criminate adenoma and nonadenoma. NECT alone can iden- 
tify more than 70% of adenomas. Because adenoma is 
characteristic of abundant intracytoplasmic lipid, this lesion, 
so called lipid-rich adenoma, measures <10 HU on NECT 
images. The rest of the adenomas, so called lipid-poor ade- 
nomas, can be diagnosed on delayed contrast-enhanced CT 
(CECT) scans. Another typical CT feature of adenoma is to 
show early wash in and wash out of intravenous contrast 
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material regardless of lipid content. Usually, CECT scans are 
obtained 1 min and 10-15 min after intravenous administra- 
tion of iodine contrast material. In cases in which the absolute 
or relative percentage wash-out rate is greater than 60% or 
40%, respectively, on 15-min delayed CECT images, adenoma 
can be diagnosed with an accuracy of 95-100%. Percentage 
wash-out rate depends on when to obtain delayed CECT 
images. As delayed CECT is obtained earlier, percentage 
wash-out rate for diagnosing an adenoma is smaller. The equa- 
tions of absolute and relative wash-out rates are as follows: 


Absolute percentage wash - out rate (%) = (CT number, cecr 


Relative percentage wash - out rate (%) = (CT number siy cecr 


- CT number 
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For evaluation of solid masses arising from the liver, kidney, 
and pancreaticobiliary system, multiphase CECT scans are 
usually performed and adrenal incidentaloma may be detected 
on CT images. Adenoma may sometimes have such an early 
wash out of contrast material that the relative percentage wash- 
out rate is more than 30% on the last CECT images. Additional 
adrenal protocol CT scans are not required because the diag- 
nostic accuracy is as high as 100%. Meticulous measurement 
of the CT number within the adrenal mass can avoid unneces- 
sary radiation exposure and reduce medical costs, as well. 


) x 100 / (CT number, 


early CECT ~ CT numDernecr) 


delayed CECT 


- CT number,,.,.acecr) X 100 / CT number, 


‘arly CECT 


Histogram analysis can be used to identify adenomas. 
This method counts the number of negative-attenuation pix- 
els within a region of interest. Some studies showed high 
specificity, with thresholds greater than 5-10% negative- 
attenuation pixels used with nonenhanced scans. However, 
other studies also identified negative-attenuation pixels in 
nonadenomas. Because many lipid-poor adenomas do not 
exceed more than 10% negative-attenuation pixels, these 
adenomas cannot be differentiated with nonadenomas. 

Dual-energy CT using 80 kVp and 140 kVp can also be used 
to identify adenomas. On 80 kVp CT images, attenuation values 
decrease among 50% of adenomas compared with those on 
140 kVp CT images. In contrast, nonadenomas have higher 
attenuation values on 80 kVp CT images than 140 kVp CT 
images. Because conventional NECT using 120 kVp alone has 
a sensitivity of more than 70% for diagnosing adenoma with a 
threshold of 10 HU, dual-energy NECT should have a better 
sensitivity for adenoma to be more clinically available. Contrast- 
enhanced dual-energy CT can produce iodine-subtraction 
images from raw data obtained from 80 and 140 kVp CT 
images. Thus, virtual NECT images can be automatically 
generated without performing NECT scans. Subsequently, a 
patient with an adrenal incidentaloma can avoid not only addi- 
tional radiation exposure but also medical costs if a routine CT 
examination is performed with a dual-energy scanner. 


Magnetic Resonance Imaging 


Chemical shift MRI is a useful diagnostic modality in identify- 
ing an adenoma especially in patients who have pregnancy, poor 
renal function, and a history of contrast-induced nephrotoxicity 
or idiosyncrasy. The signal intensity within the adenoma on 
in-phase image can be lost at opposed-phase image due to 
precession frequency difference between lipid and water. 


Because a lipid-rich adenoma is characteristic of shading signal 
intensity on opposed-phase image, the lesion can be diagnosed 
with visual assessment alone. However, a lipid-poor adenoma 
that measures from 10 to 30 HU on NECT images frequently 
requires quantitative assessment using adrenal-to-spleen ratio 
(ASR) and signal intensity index (SII). These equations are as 
follows: 
ASR=(SI,, of adrenal mass/ST,, of spleen)/(SI,, of adrenal 
mass/SI,, of spleen) 
SII=(SI of adrenal mass — SI, of adrenal mass)/SI,, of 
adrenal mass 
SI,,= Signal intensity on opposed-phase image 
SI, =Signal intensity on in-phase image 

Generally, an adenoma can be diagnosed if ASR is less 
than 0.71 or if SII is greater than 16.5%. However, if an 
adenoma measures more than 30 HU on NECT, the sensitiv- 
ity becomes lower. A lipid-poor adenoma measuring more 
than 40 HU seldom can be diagnosed on a chemical shift 
image. Therefore, adrenal masses that measure more than 
30 HU on NECT should be assessed using delayed CECT 
rather than chemical shift MRI. 


Positron Emission Tomography/Computed 
Tomography 


PET-CT is known to be useful in characterizing adenoma 
and nonadenoma in oncologic patients. Some studies have 
reported that the diagnostic accuracy for adenoma is as high 
as 100%. However, some adenomas have a high fludeoxyg- 
lucose ('F) (FDG) metabolism as if they were metastatic 
lesions. Furthermore, small or severely necrotic metastatic 
lesions can manifest as poor FDG-uptake lesions. Therefore, 
sufficient evaluation using CT or MRI should be preceded 
before PET-CT is performed to reduce false-positive 


Introduction 


or -negative rates. PET-CT could be useful to characterize 
adrenal masses that are indeterminate on CT or MRI. 


Functioning Adrenal Mass 


Most functioning adrenal masses are already identified by 
endocrine clinicians because of typical symptoms or labora- 
tory findings. However, because subclinical adrenal masses 
are not uncommon, biochemical tests are essential although 
these masses are incidentally detected at routine CT or MR 
examination. Hormone-secreting adrenal masses include ade- 
noma, pheochromocytoma, hyperplasia, and cortical carci- 
noma. Cushing syndrome can be caused by overproduction of 
corticosteroid most commonly resulting from adenoma. Some 
hyperplasia and cortical carcinoma may produce corticoster- 
oid hormone. Conn syndrome can be caused most commonly 
by adenoma-hypersecreting aldosterone. Some hyperplasia 
also overproduce aldosterone, causing Conn syndrome. 

CT or MR image should be performed not for characteriza- 
tion but for localization before surgical excision. Regarding 
CT or MR imaging features, no difference is noted between 
functioning and nonfunctioning adenomas. However, func- 
tioning adenomas are likely to be detected earlier than non- 
functioning adenomas due to early manifestation. The size 
of adenoma causing Conn syndrome are likely to be smaller 
than that of adenoma causing Cushing syndrome. An ade- 
noma causing Conn syndrome may be invisible on CT or 
MR images due to small lesion size. In the case of bilateral 
adrenal masses, CT or MRI cannot suggest which one is a 
functional mass. In these clinical settings, venography is 
useful to determine lateralization of aldosterone-producing 
adenoma. 


Benign Lesions 
Cyst 


Adrenal cysts consist of heterogeneous diseases that include 
parasitic cysts, epithelial cysts, pseudocysts, and endothelial 
cysts. Most of these lesions are pseudocyst and endothelial 
cysts. The incidence of adrenal cysts is rare and more common 
in women than men. Imaging features of adrenal cysts are not 
so specific that lesion differentiation is impossible. The most 
common feature of adrenal cyst is a thin-walled cyst with or 
without calcification or septum. Because adrenal cysts are 
benign clinically and pathologically, observation is a choice of 
treatment but surgical excision is indicated if the patients are 
symptomatic. It should be kept in mind that a solid tumor with 
cystic or necrotic change can manifest as an adrenal cyst. 
Although cystic or necrotic change in a solid tumor is exten- 
sive, the wall is not as thin as an adrenal cyst. Usually, the wall 
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of a cystic or necrotic solid tumor is more irregular and thicker 
than that of an adrenal cyst. 


Hemorrhage 


Adrenal hemorrhage is bilateral or unilateral. Bilateral hemor- 
rhage is often associated with coagulopathy, and less commonly 
with surgical stress, sepsis, hypotension, or trauma. Unilateral 
hemorrhage occurs after abdominal trauma and affects the right 
gland more often than the left. Acute or subacute adrenal hem- 
orrhage shows attenuation values of 55-90 HU on NECT 
images. Attenuation values of adrenal hemorrhage do not 
increase more than 20 HU after administration of contrast mate- 
rial. If the lesion is enhanced more than 20 HU, hemorrhage 
within the solid adrenal mass should be considered. Serial fol- 
low-up CT or MR examinations can determine if the lesion is a 
pure hemorrhage or an adrenal tumor because adrenal hemor- 
rhage regresses. MR imaging reveals various signal intensity of 
adrenal hemorrhage on T1- or T2-weighted images according to 
the methemoglobin or hemosiderin content. 


Infection 


Adrenal infection mostly results from tuberculosis and histo- 
plasmosis and is usually bilateral. Imaging features of adre- 
nal infection depend on the stage of infection. In the acute 
stage, bilateral adrenal glands are enlarged and poorly 
enhanced as if adrenal enlargement were a tumor. In sub- 
acute or chronic stages, adrenal enlargement becomes smaller 
and may be cystic or calcified. If more than 90% of the adre- 
nal gland is destroyed, adrenal insufficiency, so called 
Addison disease, can develop. 


Hyperplasia 


Adrenal hyperplasia is difficult to diagnose on CT or MR 
images because the adrenal gland ranges widely in size. 
The size cut-off value for differentiating normal gland and 
adrenal hyperplasia is not clear. The shape of the normal 
adrenal gland is various. Unclear distinction between normal 
gland and adrenal hyperplasia regarding size and shape make 
it hard for their differentiation. The size of adrenal gland 
measures most in the left body. Usually, this region does not 
exceed | cm in thickness. 

Adrenal hyperplasia manifests diffusely enlarged bilateral 
adrenal glands that keep normal adrenal contour. Ectopic 
tumor adrenocorticotropic hormone (ACTH) can produce 
adrenal hyperplasia in a higher percentage of cases (90%) 
than pituitary ACTH hypersecretion does (62%). 

Pathologically, differentiation between adenoma and 
hyperplasia is so difficult because their difference is the presence 
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or absence of capsule. Adrenal hyperplasia that contains cor- 
tical cells with abundant intracytoplasmic lipid may measure 
10 HU or less on NECT as if it were adenoma. Therefore, 
macronodular hyperplasia frequently is similar to adenoma 
regarding enhancement pattern. 


Adenoma 


The prevalence of adenoma is related to age. Incidence in old 
patients is higher than that in young patients. Most adenomas 
are nonfunctioning and thus are incidentally detected on CT 
or MR images. Imaging features are described above. 
Generally, adenomas are smaller than nonadenomas and do 
not exceed 3 cm in maximum diameter. On CT or MR 
images, adenoma is frequently homogenous. However, ade- 
noma may be enlarged more than 3 cm and demonstrate cal- 
cification, hemorrhage, and cystic or necrotic changes. 


Pheochromocytoma 


Approximately 10% of pheochromocytomas are incidentally 
detected on routine CT or MR examination. However, urine or 
serum levels of catecholamines or metabolites are elevated 
despite clinically silent pheochromocytoma. When adrenal 
incidentaloma is detected, biochemical test is essential to 
exclude the possibility of asymptomatic pheochromocytoma 
before imaging studies. CT is the imaging study of choice for 
tumor localization. If no mass is seen in the adrenal glands, the 
abdominal para-aortic region is the next common location as 
approximately 10% of pheochromocytomas are extra-adrenal. 
Most detected pheochromocytomas measure more than 3 cm. 

Pheochromocytomas show strong enhancement pattern not 
unlike those of malignant adrenal masses. A substantial num- 
ber of pheochromocytomas can exhibit high wash in and wash 
out of contrast material that is similar to those of benign ade- 
nomas. Thus, biochemical evaluation is important to exclude 
the possibility of adenoma, especially in patients with a high 
clinical suspicion of pheochromocytoma. Pheochromocytomas 
may have myxoid degeneration, cystic or necrotic change, 
hemorrhage, and calcification. On T2-weighted images, most 
pheochromocytoma is hyperintense but some tumors might be 
hypointense due to hemorrhage. 

Metaiodobenzylguanidine (MIBG) scan is useful to localize 
or diagnose pheochromocytoma but the image resolution is so 
poor that this radionuclide scan is limited for use to detect small 
recurrent pheochromocytoma following surgical excision. 


Myelolipoma 


Myelolipomas are benign tumors histologically composed of 
bone-marrow elements and adipose tissue. Because this 
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tumor does not secrete any hormones, it is always detected 
incidentally. Myelolipomas frequently exceed 3 cm in 
diameter. 

Most myelolipomas can be easily diagnosed on CT due to 
fatty tissue that measures —30 HU or less on nonenhanced 
images. These tumors may have frequent calcification and 
myeloid tissue of variable enhancement. Like CT examina- 
tion, MRI can detect fatty tissue using fat-suppression tech- 
nique and chemical shift imaging. Bone-marrow elements 
are hypointense on T1-weighted images, slightly hyperin- 
tense on T2-weighted images and variously enhanced on 
contrast-enhanced images. 


Ganglioneuroma 


Ganglioneuromas are benign tumors histologically com- 
posed of Schwann and ganglion cells of the nervous system. 
Approximately 20-30% of these tumors arise in the adrenal 
medulla. Most of these tumors are incidentally detected as 
they do not produce any hormones. 

Ganglioneuromas is hypo- or iso-attenuated relative 
to back muscle on NECT or portal phase CECT images. 
Sometimes, these tumors are misdiagnosed as cysts or 
solid tumors with extensive necrosis due to poor enhance- 
ment. However, delayed enhancement within the tumor 
is mostly visible on CECT images that are obtained 
10-15 min after administration of contrast material. On 
T2-weighted images, ganglioneuromas are hyperintense 
and on T1-weighted images, these tumors are hypointense. 
On dynamic CECT images, ganglioneuromas show grad- 
ual persistent enhancement. Thus, these tumors are hetero- 
geneously enhanced on early-phase images whereas their 
enhancement patterns become homogenous on late-phase 
images. 


Adrenohepatic Fusion 


Pathologically, adrenohepatic fusion is defined as fusion of 
the liver and right adrenal gland with closely intermingling 
parenchymal cells of these two organs. This event accounts 
for 9.9% of unselected autopsy cases. It is still unclear if 
adrenohepatic fusion is congenital or acquired. Clinically, 
adrenohepatic fusion may become a route for cancer exten- 
sion because there is no capsule between the fused parenchy- 
mal tissues. Radiologically, there is no fatty tissue between 
right adrenal gland and liver because of no capsule. The right 
adrenal limb is so severely attached to the liver that no dis- 
tinction is noted between the two organs. If a tumor occurs in 
the adrenohepatic fusion tissue, this tumor can be diagnosed 
as a hepatic tumor. Tumors that measure 10 HU or less on 
NECT should be considered adenoma arising from the 
adrenohepatic fusion tissue. 


Introduction 
Malignant Lesions 
Metastasis 


The adrenal glands are common sites of distant metastatic dis- 
ease. Among incidental nonadenomas in oncologic patients, 
metastatic lesions are the second most common next to ade- 
noma. The most common cancers that metastasize to the adre- 
nal glands are arising from the lung, breast, and melanoma. 
Adrenal gland metastases are unilateral or bilateral, and range 
widely in size. Unlike adenomas, metastatic lesions measure 
more than 10 HU and show low wash-in and wash-out 
enhancement pattern. ASR of metastatic lesion is more than 
0.71 and SII of metastatic lesion is less than 16.5% on chemi- 
cal shift MR images. However, these CT or MRI features are 
not sensitive for a metastatic lesion because the other nonade- 
nomas have the same imaging features. The smaller metasta- 
ses are homogeneous and the larger metastases are 
heterogeneous on CECT or MRI due to foci of necrosis or 
hemorrhage. 


Adrenocortical Carcinoma 


Adrenocortical carcinomas are rare primary adrenal malig- 
nant tumors. Most of these tumors are detected incidentally 
but a minority of these tumors secrete corticosteroid hor- 
mone, resulting in Cushing syndrome. Hence, early detec- 
tion of adrenocortical carcinomas is uncommon and these 
tumors usually are diagnosed in the advanced stages. 

On CT images, adrenocortical carcinomas are large solid 
masses with central necrosis, hemorrhage, calcification, het- 
erogeneous enhancement, and low wash-out of contrast 
material. Distant metastasis and tumor invasion to adjacent 
organs and vein are not uncommon at the initial diagnosis. 

Adrenocortical carcinomas are hyperintense on both 
Tl-weighted and T2-weighted MR images as a result of 
tumor hemorrhage and central necrosis. 


Lymphoma 


Most adrenal lymphomas are not primary but secondary. 
Extension of retroperitoneal lymphoma into the adrenal gland 
is common in non-Hodgkin lymphoma. Adrenal lymphoma 
might appear as diffuse adrenal enlargement without major 
changes in adrenal gland contour. These tumors may some- 
times appear similar to adrenal hyperplasia. However, adrenal 
lymphomas are larger and more hyperdense than hyperplasia 
on CT images. Besides, retroperitoneal lymphadenopathy is 
mostly present. Necrosis, hemorrhage, and calcification appear 
uncommon. 

On CT images, adrenal lymphomas are large adrenal tumors 
that are homogenous but poorly enhanced. Adrenal lymphomas 
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are hypointense on T1- and T2-weighted MR images. These 
tumors are also poorly but homogenously enhanced on 
contrast-enhanced MR images. 
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1. Adrenal Cyst 


Fig. 1.1 A 25-year-old woman with an endothelial cyst. Contrast-enhanced containing simple fluid. She underwent a left adrenalectomy due to 
axial (A) and coronal (B) CT images show a unilocular cyst (asterisk) discomfort and the lesion histologically proved to be an endothelial cyst 
arising from the left adrenal gland. The cystic mass has a hair-thin wall 
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Fig. 1.2 A 47-year-old woman with a pseudocyst. (A and B) Contrast- lesion is as thin as that in Fig. 1.1. (C and D) T1- (C) and T2-weighted 
enhanced coronal (A) and sagittal (B) CT images show a unilocular (D) axial MR images show simple fluid within the lesion (asterisk). 
cyst (asterisk) arising from the right adrenal gland. The wall of this | No hemorrhage, septum, or solid component are seen 
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2. Adrenal Hemorrhage 
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Fig. 2.1 A 57-year-old woman undergoing abdominal trauma. (A) 
Nonenhanced axial CT image shows acute hematoma (arrow) within 
the right adrenal gland. Acute hematoma (arrowheads) also is seen 
along the right diaphragm. (B) The (arrowheads) indicate acute hema- 
toma along the diaphragm. Contrast-enhanced axial CT image shows 
the acute adrenal hematoma (arrow) seems more hypodense compared 
with adjacent adrenal tissue due to the lack of enhancement 


Fig.2.2 A 21-year-old man undergoing skull trauma. (A) Nonenhanced 
axial CT image shows acute hematoma (arrow) within the left adrenal 
gland. (B) Contrast-enhanced axial CT image shows the acute adrenal 
hematoma (arrow) seems more hypodense compared with adjacent 
adrenal tissue due to the lack of enhancement 
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3. Adrenal Hyperplasia 


Fig.3.1 A 65-year-old man with adrenal hyperplasia. (A and B) Contrast- 

enhanced axial (A) and sagittal (B) CT images show an enlarged right 

adrenal gland (arrow) that is multinodular, suggesting macronodular 

hyperplasia. The patient underwent removal of left kidney and adrenal 

gland due to renal cell carcinoma 8 years earlier “ig » A 45-year-old man with adrenal hyperplasia. (A and B) 
Contrast-enhanced sagittal CT images show multiple hyperplastic nod- 
ules (arrow) in the right (A) and left (B) adrenal glands, suggesting 
macronodular hyperplasia. (C) Nonenhanced axial CT image shows 
one (arrow) of right hyperplastic nodules measures 3 HU, as if it were 
a lipid-rich adenoma. The other nodules also measure less than 10 HU. 
Furthermore, this nodular hyperplasia shows an adenoma-like enhance- 
ment pattern on delayed CECT images (not shown). The patient under- 
went right adrenalectomy due to Cushing syndrome and macronodular 
hyperplasia was confirmed at pathologic examination 
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Fig. 3.3 A 56-year-old man with macronodular hyperplasia. (A) nodules (arrows), mimicking adenomas. The patient manifested the 
In-phase axial MR image shows multiple bilateral adrenal nodules clinical features of Cushing syndrome. Macronodular hyperplasia is 
(arrows) that are slightly more hyperintense than in the spleen. (B) histologically confirmed after subtotal bilateral adrenalectomy 
Opposed-phase axial MR image shows signal loss within all adrenal 
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4. Adrenal Adenoma 


r- = 


Fig. 4.1 A 43-year-old man with a lipid-rich adenoma. Nonenhanced 
axial CT shows a hypodense right adrenal nodule (arrow) measuring 2 
HU, suggesting a lipid-rich adenoma. This adenoma measures 2.2 cm 
in diameter 


Fig. 4.2 A 44-year-old man with a lipid-rich adenoma. (A) In-phase 
axial MR image shows a left adrenal nodule (arrow) that is more hyper- 
intense than spleen. (B) Opposed-phase axial MR image shows a focal 
signal loss within the nodule (arrow), suggesting a lipid-rich adenoma 
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Fig.4.3 A51-year-old woman with a lipid-pooradenoma.(A)Nonenhanced slightly more hyperintense than liver. (C) Opposed-phase axial MR image 
axial CT image shows a right adrenal nodule (arrow) measuring 18 HU. (B) does not show a signal loss within the nodule (arrow). However, ASR and 
In-phase axial MR image shows a right adrenal nodule (arrow) that is  Sll are calculated as 0.54 and 47.8%, suggesting an adenoma 
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Fig. 4.4 A 57-year-old man with a lipid-poor adenoma. (A) In-phase and 57 HU on NECT (left), 1-min CECT (middle), and 15-min CECT 
(left) and opposed-phase (right) MR images do not show signal decrease (right) images, respectively. Therefore, absolute and relative percent- 
in the left adrenal nodule (arrow) with an ASR of 0.94 and an SII of age wash-out values are calculated as 74% and 53%, suggesting a lipid 
62.5%. (B) The left adrenal nodule (arrow) measures 34 HU, 122 HU, poor adenoma 
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Fig.4.5 A59-year-old man with a lipid-rich adenoma. (A) Nonenhanced 
axial CT image shows a left adrenal mass (arrow) that measures 3 HU, 
strongly suggesting adenoma. This CT was scanned at 120 kVp. (B) 
Nonenhanced axial CT that was obtained using dual-energy sources of 
80 kVp and 140 kVp shows a left adrenal mass (arrow). This lesion has 
not changed in size since the last CT examination (A) was performed 
1 year earlier. These CT images can be split into 80 and 140 kVp CT 


images, respectively. The ring (arrowheads) represents the boundary 
that is covered by a small field of view detector. (C) NECT image at 140 
kVp shows that the left adrenal mass (arrow) measures 10.6 HU. (D) 
NECT image at 80 kVp shows that the lesion (arrow) measures —7.2 
HU. The CT attenuation values of many lipid-rich adenomas tend to be 
lower at 80 kVp CT than at 140 kVp CT, whereas those of nonadenomas 
are higher at 80 kVp CT than at 140 kVp CT 
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Fig. 4.6 A 60-year-old woman 
with a lipid-rich adenoma. 
Contrast-enhanced axial image 
(left) of dual-energy CT using 
80 and 140 kVp shows a solid 
tumor in the left adrenal gland 
(arrow) that measures 72 HU. 
The lesion (arrow) measures 
6.6 HU on virtual NECT image 
(right) at the same level, 


suggesting a lipid-rich adenoma. 


No CT scan or other imaging 
study is necessary for further 
characterization 
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Fig. 4.7 A 55-year-old man with an metastasis mimicking adenoma. 
(A) Contrast-enhanced axial CT image shows no focal lesion in the right 
adrenal gland. This CT scan was performed 3 years earlier and the patient 
underwent left radical nephrectomy due to renal cell carcinoma 5 years 
earlier. (B) A solid right adrenal nodule (arrow) is incidentally detected 
at the follow-up CT examination. This lesion measures 1.1 cm in size. 
This CT scan was performed 2 years earlier. (C and D) In-phase and 
opposed-phase coronal MR images show no signal drop in the right adre- 
nal nodule (arrow), suggesting nonadenoma. (E) Adrenal protocol CT 
images show that the right adrenal nodule (arrow) has increased in size 
since the last CT examination. The lesion measures 1.9 cm. The lesion’s 
attenuation values measure 31, 175, and 67 HU on NECT (left), 1-min 
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(middle), and 15-min (right) CECT images, respectively. Therefore, 
absolute and relative percentage wash-out values are calculated as 75% 
and 61%, suggesting an adenoma. Despite adenoma-like enhancement, 
the patient wanted surgical excision to avoid metastasis. The urologist 
performed laparoscopic adrenalectomy without ordering PET-CT exami- 
nation. Pathologic examination revealed a metastatic renal cell adenoma. 
The patient required adrenocortical hormone replacement. A metastatic 
lesion from renal cell carcinoma frequently shows a high percentage 
wash-out rate as if it were an adenoma. Therefore, if an adrenal nodule in 
a patient with a renal cell carcinoma shows adenoma-like enhancement 
on adrenal protocol CT images, PET-CT or biopsy should be performed 
to exclude a possibility of metastasis 
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5. Adrenal Pheochromocytoma 
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Fig. 5.1 A 38-year-old man with a pheochromocytoma. (A and B) 
Contrast-enhanced axial (A) and coronal (B) CT images show a pheo- 
chromocytoma (arrow) with cystic degeneration (asterisk) in the right 
adrenal gland. Nondegenerated solid component in the lesion is well 
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enhanced. (C and D) Coronal (C) and axial (D) PET-CT images show 
a low glucose metabolism in the pheochromocytoma (arrow). The 
photon-defect area (asterisk) in the lesion corresponds to the cystic 
degeneration 
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Fig. 5.2 A 77-year-old woman with a pheochromocytoma. 
Contrast-enhanced axial CT image shows a ruptured pheochromo- 
cytoma (arrow) causing a large amount of hematoma in the 
retroperitoneal space (arrowheads) and in the lesion (asterisk) 


Anterior 70% Posterior Posterior 70% 


Fig. 5.3 A 43-year-old man with an asymptomatic pheochromocytoma. (B) This pheochromocytoma is not clearly seen at the iodine!*!-MIBG 
(A) Contrast-enhanced coronal CT image shows a small left pheochro- scan obtained 48 h after intravenous administration of radioisotope 
mocytoma (arrow) that is incidentally detected at the CT examination. 
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6. Adrenal Myelolipoma 


Fig. 6.1 A 70-year-old man with a myelolipoma. Contrast-enhanced 
axial CT image shows a right adrenal mass (arrow) that contains myeloid 
tissue and fatty tissue measuring —50 HU, suggesting a myelolipoma 


Fig.6.2 A58-year-old man with a myelolipoma. (A and B) Nonenhanced 
axial (A) and contrast-enhanced coronal (B) CT images shows a myelo- 
lipoma that is nearly replaced by fatty tissue. Myeloid tissue in the lesion 
is relatively scanty compared with fatty tissue (arrow) 
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7. Adrenal Ganglioneuroma 


Fig. 7.1 A 67-year-old man with a ganglioneuroma. Both of nonen- axial CECT (right) image shows a delayed enhancement with the mass 
hanced (left) and 1 min axial CECT (middle) images show a left adrenal (arrow), suggesting a ganglioneuroma 
mass (arrow) that is more hypodense than back muscle. However, 15-min 


1142 25 Adrenal Gland 


Fig. 7.2 A 32-year-old man with a ganglioneuroma. (A) Nonenhanced contrast material that it is less hypodense than back muscle (asterisk). 
axial CT image shows a bilobed mass (arrow) that is less hypodense than (C) Contrast-enhanced axial CT image shows the lesion (arrow) is gradu- 
back muscle (asterisk). (B) Contrast-enhanced axial CT image shows the ally enhanced but still less hypodense than back muscle (asterisk) 15 min 
lesion (arrow) is so poorly enhanced 1-min after intravenous injection of after intravenous injection of contrast material 
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Fig. 7.3 A 60-year-old woman with a ganglioneuroma mimicking 
metastasis. (A) A right adrenal nodule (arrow) measures 33 HU, 54 
HU, and 79 HU on NECT (left), 1-min (middle), and 15-min (right) 
contrast-enhanced CT images, respectively. Therefore, absolute and 
relative percentage wash-out values are calculated as —-120% and -46%, 
suggesting a nonadenoma. NECT image (left) shows this lesion is less 
hypodense than back muscle, whereas delayed contrast-enhanced 


image (right) shows it is less hyperdense than back muscle. Two 
calcifications (arrowheads) are seen within the lesion. These findings 
are strongly suggestive of a ganglioneuroma other than a metastatic 
lesion. The patient was diagnosed with a cancer arising from the com- 
mon bile duct. (B and C) Coronal (B) and axial (C) PET-CT images 
show a left adrenal nodule (arrow) with poor FDG uptake that is much 
lower than that of the liver, suggesting a benign lesion 
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Fig. 7.3 (continued) 
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8. Adrenocortical Carcinoma 


Fig. 8.1 A 45-year-old woman with an adrenocortical carcinoma. carcinoma (arrow). (B) Contrast-enhanced axial CT image shows 
(A) Nonenhanced axial CT image shows a calcification (black arrow- that the lesion (arrow) has extensive necrosis (asterisk) and multiple 
head) and hemorrhage (white arrowhead) in the left adrenocortical hepatic metastases 
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Fig. 8.2 A 41-year-old woman with an adrenocortical carcinoma. (A) 
Contrast-enhanced axial CT image shows a huge right adrenal cortical car- 
cinoma (arrow) with tumor thrombi in the adrenal vein and inferior vena 
cava (arrowhead). (B) Contrast-enhanced axial CT image shows the lesion 


invading hepatic parenchyma (arrows) and a metastatic para-aortic lymph 
node (arrowhead). (C) Coronal FDG PET image shows that the adrenocor- 
tical carcinoma (arrow) has metastasized to the mediastinum, lung, and 
neck lymph nodes, as well as a paraaortic lymph node (arrowhead) 
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9. Adrenal Metastasis 


Fig. 9.1 A 62-year-old woman with an adrenal metastasis. (A) A left and 15%, suggesting a nonadenoma. The patient was diagnosed with left 
adrenal nodule (arrow) measures 40, 68, and 58 HU on NECT (left), lung cancer. (B) Fusion axial image of PET and CT shows a left adrenal 
1-min (middle), and 15-min (right) CECT images, respectively. Therefore, nodule (arrow) with high FDG uptake that is much higher than that of 
absolute and relative percentage wash-out values are calculated as 36% liver, suggesting a metastatic lesion 


1148 25 Adrenal Gland 


Fig. 9.2 A 50-year-old man with an adrenal metastasis. (A) A left adre- calculated as 47% and 27%, suggesting a metastasis. The patient under- 
nal nodule (arrow) measures 36, 87, and 63 HU on NECT (left), 1-min went left radical nephrectomy due to renal cell carcinoma 2 years ago. 
(middle), and 15-min (right) contrast-enhanced CT images, respectively. (B) Contrast-enhanced coronal CT image shows a left adrenal metasta- 
Therefore, an absolute and a relative percentage wash-out values are sis (arrow). Right adrenal gland (arrowhead) has no metastatic lesion 
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10. Adrenal Lymphoma 


Fig. 10.2 A 63-year-old woman with adrenal lymphoma. (A and B) 
Contrast-enhanced axial (A) and coronal (B) CT images show a left 
adrenal lymphoma (arrow) that is weakly and homogenously enhanced 


Fig. 10.1 A 62-year-old man with adrenal lymphoma. (A and B) 
Contrast-enhanced axial (A) and coronal (B) CT images show bilateral 
adrenal lymphomas (arrows) with weak and homogenous enhance- 
ment. Left adrenal lymphoma keeps adrenal contour and right adrenal 
lymphoma invades the right kidney and inferior vena cava 
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11. Other Nonneoplastic Conditions of Adrenal Glands 


Fig. 11.1 A 71-year-old woman with an asymptomatic calcified adrenal surface. (C) Contrast-enhanced axial CT image shows no enhancement 
mass. (A) Plain radiograph of abdomen shows a calcified mass (arrows) with the lesion (arrows). This lesion must regress from the benign 
in the right upper quadrant. (B) Nonenhanced axial CT image shows that conditions including adrenal hematoma and infection 

the lesion is a right adrenal mass (arrows) that is calcified along the outer 
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A 61-year-old woman with adrenal insufficiency. (A and B) 
Nonenhanced (A) and contrast-enhanced (B) axial CT images show 
normal adrenal glands (arrow) in size and shape despite adrenal insuf- 
ficiency. Adrenal glands appear normal in most cases of Addison 
disease 


A 49-year-old man with an asymptomatic calcified adrenal 
mass. (A and B) Contrast-enhanced axial (A) and coronal (B) CT 
images show a calcified mass (arrow) in the right adrenal gland. This 
lesion was incidentally found in a patient who was diagnosed with 
gastric cancer 
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Fig. 11.4 A 53-year-old woman 
with an adenoma in the 
adrenohepatic tissue. 
Nonenhanced (left) and enhanced 
(right) axial CT images show a 
right adrenal adenoma (arrow) 
measuring | HU. The adrenal 
nodule is embedded at the liver 
parenchyma. Furthermore, there 
is no distinction (arrowhead) 
between medial limb and liver, 
suggesting adrenohepatic fusion 
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Fig. 11.5 A 66-year-old man with an adenoma in the adrenohepatic embedded at the liver parenchyma, suggesting an adrenohepatic fusion 
tissue. (A) Nonenhanced axial CT image shows a right adrenal ade- tissue. If the lesion is more than 10 HU on NECT image, delayed CECT 
noma (arrow) measuring —17 HU. (B and C) Contrast-enhanced coro- 10-15 min after intravenous administration of contrast material should 
nal and sagittal CT images show that the adrenal nodule (arrow) is be performed to differentiate lipid-poor adenoma from nonadenoma 


Illustrations 


12. Adrenal Incidentaloma 
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Fig. 12.1 Flow chart characterizing an adrenal incidentaloma. APWR 
absolute percentage wash-out rate, ASR adrenal-spleen ratio, NECT 
nonenhanced CT, RPWR relative percentage wash-out rate, SI signal 
intensity index 


1153 


Renal Trauma 
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Introduction 


Cheong-I! Shin and Jung Suk Sim 


The kidneys are injured in approximately 10% of all abdominal 
trauma cases, with blunt trauma being more common than 
penetrating injury, accounting for 80% of all renal injuries. 
Although serious renal injuries are reported to be frequently 
associated with multiorgan trauma, most isolated renal inju- 
ries are minor. Renal injuries include parenchymal contusion 
or laceration, subcapsular or perirenal hematoma, collecting 
system injuries with urinary extravasation, and vascular inju- 
ries with thrombosis or vascular extravasation. These inju- 
ries are often graded according to the widely accepted 
grading system of the American Association for the Surgery 
of Trauma. Features, such as persistent gross hematuria, 
hemodynamic instability, penetrating injuries, or rapid decel- 
eration trauma are most often associated with major renal 
injuries. 

Persistent bleeding is the only absolute indication for 
intervention (surgery or embolization). Other conditions, 
such as devitalization of renal tissue, urinary extravasation, 
and vascular injury, are relative indications that depend on 
the patient’s condition, evolution of findings on serial exami- 
nation, and the strategy chosen by clinicians. Because con- 
servative, nonoperative management is preferred even in 
major renal injuries, accurate assessment with imaging 
becomes central in guiding patient management. In the eval- 
uation of renal trauma, computed tomography (CT) can pro- 
vide accurate grading and is thus the imaging modality of 
choice. As most renal injuries are managed conservatively, 
even in the most serious injuries, angiographic embolization 
has become an important component of renal trauma 
management. 


J.S. Sim (È<) 
Mothers’ Clinic, 

Seongnam, Korea 

e-mail: jungsuk.sim @ gmail.com, simjsmc @naver.com 


S.H. Kim (ed.), Radiology Illustrated: Uroradiology, 


Indications for Renal Imaging 


One of the more common signs of renal trauma is hematuria, 
and, interestingly enough, the amount of hematuria is not 
known to correlate with grade of renal injury. Gross hematu- 
ria derived from blunt trauma is often a sign of severe uro- 
logic injury. However, hematuria may be completely absent 
from renal pedicle injuries such as renal artery thrombosis or 
ureteropelvic junction (UPJ) injury. Thus, in cases of blunt 
trauma, renal imaging is indicated when the patient has gross 
hematuria, microscopic hematuria with hypotension, or is 
suspected of having other abdominal injuries or rapid decel- 
eration injuries such as a fall from a relatively great height or 
a high-speed motor vehicle accident. 

Renal injury must also be considered for all penetrating 
trauma to the lower thorax, flank, and abdomen. Patients with 
penetrating renal trauma frequently have high-grade injury 
to the kidney in addition to damage to other organs. Therefore, 
radiologic evaluation is strongly recommended in all patients 
with suspected penetrating renal injuries. 


Grading of Renal Trauma 


Various classification systems for renal trauma have been 
proposed, but the most widely accepted classification is the 
American Association for the Surgery of Trauma (AAST) 
Organ Injury Scaling (OIS), which was first proposed in 
1989 (see Table 1). This system classifies renal injury accord- 
ing to its depth and involvement of vessels or the collecting 
system. However, even as CT technology has continuously 
improved over the years, the grading system for renal inju- 
ries is yet to be modified to better integrate abnormalities 
seen only on imaging, such as the presence of arterial con- 
trast extravasation and quantification of hematoma or 
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Table 1 American Association for the Surgery of Trauma, kidney 
injury scale 


Grade Injury type Injury description 
I Contusion Microscopic or gross hematuria, urologic 
study normal 
Hematoma Subcapsular, nonexpanding, without 
parenchymal laceration 
Il Hematoma  Nonexpanding perirenal hematoma 
confirmed to be renal retroperitoneum 
Laceration <l cm parenchymal depth of renal cortex 
without urinary extravasation 
Il Laceration >l cm parenchymal depth of renal cortex 
without collecting system rupture or urinary 
extravasation 
IV Laceration Parenchymal laceration extending through 
the renal cortex, medulla, and collecting 
system 
Vascular Main renal artery or vein injury with 
contained hemorrhage 
Vv Laceration Completely shattered kidney 
Vascular Avulsion of renal hilum which devascular- 


izes kidney 


Adapted from (Moore et al. 1995) 
“Advance one grade for bilateral injuries up to grade III 


urinoma. Segmental renal infarction and UPJ avulsion, also 
not described in the grading system, are generally regarded 
as grade IV and V injuries, respectively. 


Imaging Modalities 
Computed Tomography 


CT is the imaging modality of choice in evaluating renal 
trauma. It accurately demonstrates all degrees of renal inju- 
ries, including parenchymal laceration, vascular and collect- 
ing system injuries, and extent of hematomas and urinomas. 

The CT protocol for suspected renal trauma includes the 
arterial phase at 20-30 s to identify vascular injury, followed 
by the nephrographic phase at 70-80 s to evaluate parenchy- 
mal lesions, and sometimes by a late excretory phase at 
5-10 min to detect urinary contrast extravasation. The auto- 
matic bolus tracking method has been deemed better than a 
fixed scan delay for optimal arterial phase scanning. In addi- 
tion, noncontrast studies may also be helpful, particularly in 
detecting hematoma. 


Ultrasonography 


Ultrasonography (US) is considered to be sensitive in 
demonstrating hemoperitoneum, however, US is less sensi- 
tive than CT in the evaluation of the renal parenchyma and is 
usually inadequate for determining the grade of renal trauma. 
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Contrast-enhanced US may provide better sensitivity than 
conventional US but it also cannot completely replace CT. 
One exception is in the case of pregnant patients, for whom 
US can be considered a first-line study. 


Intravenous Urography 


Until the 1990s, most patients with abdominal trauma and hema- 
turia were evaluated using intravenous urography (IVU). 
However, today, it has been largely replaced by CT. IVU is nei- 
ther sensitive in detecting renal injuries nor accurate in grading 
them. One-shot IVU, taken 10 min after administration of high- 
dose intravenous contrast materials, may be used for emergency 
evaluation of renal trauma in hemodynamically unstable patients. 
However, the purpose of one-shot IVU would not be to evaluate 
the injured kidney but rather to determine urinary extravasation 
and the presence of a functioning contralateral kidney. 


Retrograde Pyelography 


Retrograde pyelography is useful if renal pelvic or UPJ 
injury is suspected and delayed images were not obtained or 
were not adequate to exclude these injuries on CT or IVU. 


Angiography 


The use of angiography for the diagnosis of renal injury has 
diminished because CT allows quicker and more accurate detec- 
tion of vascular injuries and contrast material extravasations. 
Conversely, the role of angiography in the treatment of vascular 
injuries continues to increase given the emphasis on nonopera- 
tive management of trauma patients. In major trauma centers, 
angioembolization is the procedure of choice for persistent 
bleeding. 


Magnetic Resonance Imaging 


In the acute and severe trauma setting, magnetic resonance 
imaging is usually not practical due to motion artifacts and 
the relatively extended time often required. It may, however, 
be helpful in assessing renal injury in a stable patient with a 
contraindication for iodinated contrast. 


Imaging Findings 


The increasing trend toward conservative management along 
with advances in CT technology has made CT the corner- 
stone of evaluation and management of patients with renal 
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trauma. The following sections discuss the frequent findings 
of renal trauma with an emphasis on CT. 


Renal Contusion 


Contusion results in focal interstitial edema and intraparen- 
chymal extravasation of trace amounts of urine and blood. 
The contused renal parenchyma is generally visualized as an 
ill-defined hypodense area on nephrographic phase CT scan 
and may appear slightly hyperdense on precontrast and delayed 
phase scans, respectively, due to hemorrhage and urine stasis. 


Subcapsular Hematoma 


Subcapsular hematomas are less frequent in blunt trauma 
than perirenal hematomas. They show crescent or elliptical 
hyperdense fluid collection between the renal parenchyma 
and capsule on CT, and may exert a mass effect on the adja- 
cent renal parenchyma. 


Perirenal Hematoma 


Perirenal hematoma manifests as a poorly marginated, hyper- 
dense fluid collection between the kidney and the Gerota’s 
fascia. It spreads around the kidney and can be quite exten- 
sive, at times crossing the midline. The kidney is displaced 
from the site of bleeding, with anterior displacement the most 
common. Unlike subcapsular hematomas, perirenal hemato- 
mas usually exert no mass effect on the renal contour. 


Renal Laceration 


Renal lacerations are identified on CT as irregular, linear, or 
wedge-shaped defects that may contain hyperattenuating 
blood clots in the enhanced renal parenchyma. A shattered 
kidney refers to the most severe form of renal laceration, in 
which the kidney is fragmented into several pieces of exten- 
sive devitalized tissue in combination with significant inju- 
ries of the vascular or collecting system. 


Urinary Extravasation 


Lacerations involving the renal collecting system are charac- 
terized by extravasation of opacified urine into the perirenal 
space on the late excretory phase scan. Intraperitoneal urine 
leaks are usually the result of penetrating or iatrogenic injury. 

UPJ injuries exhibit a characteristic medial or circumfer- 
ential urinary extravasation and excellent excretion of 
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contrast material with an intact intrarenal collecting system. 
The presence of contrast materials in the ureter distal to the 
UPJ helps differentiate incomplete laceration from complete 
transection, a possible indication for surgical repair. When CT 
equivocally demonstrates ipsilateral ureteral filling, retro- 
grade pyelography could be helpful. 


Vascular Extravasation 


Vascular extravasation means disruption of the vascular wall. 
Arterial active bleeding appears in the arterial phase as linear 
or flame-like areas of hyperattenuating contrast material and 
demonstrates continued increase in the amount of extravasated 
contrast materials on successive scans. Pseudoaneurysms, 
contained vascular injuries, have a rounded and relatively 
well-marginated appearance and remain unchanged in shape 
with isoattenuation relative to the adjacent major artery in 
the different multiphase scans. Arterial extravasation can be 
effectively treated with angiographic embolization. 


Renal Artery Occlusion 


During trauma, especially deceleration injury, the renal artery 
is stretched and the intimal lining may tear, leading to thrombo- 
sis or dissection, as well as vessel occlusion. In main renal 
artery occlusion, the post-contrast CT typically reveals abrupt 
truncation of the renal artery, global lack of parenchymal 
enhancement with preservation of the renal outline and little or 
no perirenal hematoma. Angiographic confirmation is not 
needed. Segmental infarctions caused by segmental arterial 
occlusion manifest as well-demarcated, wedge-shaped, nonen- 
hancing areas of parenchyma. The cortical rim sign, a thin rim 
enhancement of the subcapsular cortex supplied from capsular 
arteries, usually appears several days after the initial injury, but 
has been reported to occur as soon as 8 h after injury. 


Renal Pedicle Avulsion 


Avulsion of the main renal artery or vein from blunt trauma 
results in massive hemorrhage, often extending through mul- 
tiple retroperitoneal compartments. Renal enhancement is 
absent in renal arterial avulsion but not in venous avulsion. 
Isolated renal vein injury is a rare occurrence. 


Trauma to the Abnormal Kidneys 


Kidneys with congenital renal anomalies are more vulnerable 
to trauma. A horseshoe kidney, in which the bridging renal 
parenchyma is located in front of unyielding lumbar vertebrae, 
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can frequently be injured. Likewise, hydronephrotic kidney, 
most commonly from UPJ obstruction, is easily ruptured to 
form urinoma. 


latrogenic Trauma 


The kidneys can be exposed to iatrogenic injuries during 
needle biopsy, percutaneous nephrostomy, extracorpo- 
real shock wave lithotripsy, and angiographic procedures. 
These iatrogenic injuries can result in renal hematoma, 
laceration, pseudoaneurysm, active bleeding, and arterio- 
venous fistula. 
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1. Diagram of AAST Organ Injury Scale for Kidney 


Fig. 1.1 Illustration of the 
American Association for the 
Surgery of Trauma grading 
system for renal injury. 

(A) Grade I, contusion and 
subcapsular hematoma. 

(B) Grade II, superficial 
laceration and perirenal 
hematoma. (C) Grade III, deep 
laceration without urinary 
extravasation. (D) Grade IV, 
laceration with urinary 
extravasation. (E) Grade IV, 
main renal artery or vein 
injury with contained 
hemorrhage. (F) Grade V, 
shattered kidney. (G) Grade 
V, avulsion of renal hilum 
which devascularizes the 
kidney 
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Illustrations 


2. Contusion 


Fig. 2.1 Renal contusion in a 26-year-old man who sustained 
blunt trauma in a motorbike accident. Excretory phase CT scan 
demonstrates multifocal areas of ill-defined decreased enhance- 
ment in the upper pole of the right kidney (arrows). Note also the 
hepatic laceration (L), right adrenal hemorrhage (A), and small 
amount of hemoperitoneum (arrowhead) 
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3. Subcapsular Hematoma 


Fig. 3.1 Subcapsular hematoma in a 28-year-old woman who sus- 
tained blunt abdominal trauma. (A and B) Nonenhanced CT scan (A) 
shows a crescent-shaped hyperattenuating fluid collection (arrowheads) 
around the left kidney with a relatively well-defined outer margin. Note 
also the contusion of the left abdominal wall. Enhanced CT scan (B) 
shows delayed perfusion of the renal parenchyma adjacent to the sub- 
capsular hematoma as compared with the contralateral right kidney due 
to the mass effect of subcapsular hematoma 
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Subcapsular hematoma in a 72-year-old man who had under- 
gone renal biopsy 1 week earlier. Contrast-enhanced CT scan demon- 
strates a lentiform-shaped heterogeneously hyperattenuating fluid 
collection around the interpolar region of the right kidney (asterisk), 
resulting in contour deformity of the right kidney (arrowheads) 
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4. Perirenal Hematoma 


Fig. 4.1 Perirenal hematoma in a 29-year-old man who sustained 
blunt trauma in a fall from height. Nephrographic phase CT scan 
shows a small amount of hyperattenuating fluid collection with 
ill-defined outer margin (white arrowheads) in the posterior aspect 
of the left kidney, associated with small cortical laceration (black 
arrowhead) 


1166 26 Renal Trauma 


5. Parenchymal Laceration 


Fig. 5.1 Deep laceration in a 27-year-old man who sustained blunt (white arrowheads). (B) Delayed scan taken 2 h later shows ill-defined 
trauma from a direct blow to the left flank. (A) Nephrographic phase CT hyperattenuating foci within the right renal parenchyma due to urine 
scan shows an irregular wedge-shaped cleft (black arrowheads) in the stasis. There is no definite urinary extravasation 

anterior aspect of the left kidney and surrounding perirenal hematoma 
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6. Urinary Extravasation 


Fig.6.1 Focal urinary extravasation in a 63-year-old man who 
sustained blunt trauma from a fall from height. Excretory phase CT 
scan shows a tiny area of urinary contrast extravasation (arrow) 
and perirenal hematoma 


Fig. 6.2 Renal laceration extending into the renal pelvis in a 25-year- 
old man who sustained blunt trauma in a motorbike accident. (A and B) 
Sagittal (A) and coronal (B) reformatted images of the nephrographic 
phase CT scan show a hyperattenuating linear cleft between the viable 
upper portion (black asterisk) and devitalized lower portion (white 
asterisk) of the right kidney. (C) Axial image of the same CT scan 
shows a large amount of fluid collection in the perirenal space and 
around the renal hilum. Also note tiny thrombi in the right renal vein 
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(arrowhead). (D) Simple radiography taken 10 min later, shows a large 
amount of extravasated contrast material superior and medial to the 
right kidney. Calyces of the lower pole and renal pelvis are not delin- 
eated. Also note absence of ipsilateral ureteral filling. (E and F) 
Retrograde pyelography confirms laceration and extravasation at the 
lower pole and renal pelvis. Subsequent ureteral stenting resulted in 
successful nonoperative management 
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Fig.6.2 (continued) 
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Fig. 6.3 Partial tear of the UPJ in a 45-year-old man who sustained a 
crushing injury by a boat reel. (A) CT scan taken 6 h after contrast 
material injection depicts extensive urinary extravasation in the right 
medial perirenal space extending into the posterior pararenal space. No 
parenchymal laceration is shown. Opacification of the ipsilateral distal 
ureter (white arrowhead) suggests that the tear is incomplete. (B) 


Coronal reformatted image directly shows a focal wall defect in the 
UPJ (black arrowhead). The patient underwent an operation for small 
bowel transection. A diagnosis of UPJ partial tear was made, and pri- 
mary surgical repair of the ureter was performed. (C and D) CT urogra- 
phy taken 2 weeks later shows residual urinoma and right hydronephrosis 
without urinary extravasation 


Illustrations 


7. Vascular Injury 
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Fig. 7.1 Segmental renal infarction in a 17-year-old man who sustained 
blunt trauma from a direct blow to the upper abdomen. (A) Enhanced 
CT scan shows a sharply demarcated perfusion defect (arrows) in the 
right kidney upper pole. Also note the transection of the pancreas neck 
with hematoma between the gap (arrowheads). (B) Three-dimensional 


reconstruction image shows abrupt cutoff of the segmental renal artery 
(arrowhead) supplying the upper pole. (C) Follow-up CT scan after 
1 week shows the cortical rim sign (arrowheads). The patient underwent 
distal pancreatectomy 


Fig. 7.2 Global renal infarction in a 19-year-old woman who sustained 
blunt trauma from a fall from height. (A) Curved multiplanar reformatted 
image of the enhanced CT shows total absence of parenchymal enhance- 
ment of the right kidney with no or little perirenal hematoma. Also note 
the hemoperitoneum (black asterisk) due to splenic rupture, as well as 
retroperitoneal hemorrhage (white asterisk) due to multiple pelvic bone 
fractures. (B) Angiography shows luminal irregularity and blind ending 
of the left main renal artery, resulting from dissection and thrombosis 
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9.7.3 Renal artery injury in a 28-year-old man who sustained blunt 
trauma from a fall from height. (A) Initial contrast-enhanced CT scan 
shows focal luminal irregularity of the left main renal artery (arrows), 
probably resulting from subintimal hemorrhage, tiny intraluminal 
thrombi, and a small amount of hematoma around the left renal pedicle. 
Also note the multifocal small cortical perfusion defects (arrowheads) 
due to an embolic shower caused by thrombi in the injured proximal 
renal artery. (B) Follow-up CT scan 36 h later shows an almost restored 
contour of the renal artery. Cortical perfusion defects have disappeared 


Fig. 7.4 Partial laceration of the renal vein with contained hematoma 
in a 65-year-old woman who sustained blunt trauma from a fall from 
height. Contrast-enhanced CT scan shows a focal bulging contour at the 
anterior wall of the right renal vein (arrowhead) and small hematoma 
around the renal hilum. Ipsilateral renal artery is intact (not shown) 
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8. Shattered Kidney 
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-1 Shattered kidney in a 42-year-old man who sustained blunt 
trauma from a fall from height. (A-C) On nonenhanced (A), corticome- 
dullary (B), and nephrographic (C) phase CT scans, a large amount of 
a serpentine collection of vascular contrast material at the left kidney 
(arrows) increases in amount on successive scans, suggesting active 
bleeding. (D) Perivascular hematoma around the left renal vessels 


(white arrowheads) and devitalized renal parenchyma are shown. 
Perirenal hematoma extends into the anterior pararenal space and 
crosses the midline (black arrowheads). (E) Angiography shows trun- 
cation of the inferior segmental artery (arrow) and no parenchymal 
enhancement, suggesting arterial occlusion. Extravasations of the con- 
trast material are noted (arrowheads) 
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9. Trauma to the Kidney with Underlying Abnormality 


Fig. 9.1 Cyst rupture with calyceal communication in a 50-year-old  tenuation (arrowheads) within the ruptured cyst, suggesting hematoma 
man who sustained blunt trauma. (A) Color Doppler US demonstrates manifested as a filling defect on excretory phase scan (C). Coronal 
a well-defined mixed cystic and solid lesion without vascularity (white reformatted image (D) well correlates with the sonographic image. 
arrowheads) in the right kidney upper pole. A simple cyst is noted Communication between the cyst and calyx (arrows) is demonstrated 
(asterisk). (B—D) Nonenhanced CT scan (B) shows dependant hyperat- 
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Fig. 9.2 Renal pelvis laceration with preexisting UPJ obstruction in a 
30-year-old man who sustained blunt trauma from a direct blow to the 
abdomen. (A and B) Excretory phase CT scan shows fluid collection 
around the dilated left renal pelvis. Focal breakage of the renal pelvis is 
noted (arrow). Urinary excretion of the affected kidney is delayed 
because of the underlying UPJ obstruction 
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10. latrogenic Renal Trauma 
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Arteriovenous fistula in a 43-year-old woman who had under- 
gone biopsy for a transplanted kidney. (A) Color Doppler US taken 
immediately after biopsy shows tissue vibration artifacts surrounding an 
arteriovenous fistula in the lower pole (arrowheads). (B) One-day 


follow-up US shows marked increase in the area of tissue vibration arti- 
facts. Also note the increased flow velocity. (C) Angiography shows 
early opacification of draining veins (arrowheads). (D) Postembolic 
angiography demonstrates no further early draining vein 
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Fig. 10.2 Arterial pseudoaneurysm in a 60-year-old man who had in the posterior part of the left kidney. (D) Sagittal reformation of the 
undergone percutaneous pyelolithotomy for a renal stone. (A-C) same study as in (B) demonstrates a percutaneous tract and pseudoan- 
Nonenhanced (A) CT scan shows left hydronephrosis with blood clots.  eurysm in a row (arrows). (E and F) Angiography shows one pseudoa- 
Arterial (B) and delayed (C) phase CT scans show an ovoid contrast  neurysm arising from a segmental artery (arrowhead). Pseudoaneurysm 
enhancing structure with the same attenuation as the aorta (arrowheads) is embolized selectively with coils 
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Fig. 10.2 (continued) 
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Various complications may develop at any time after renal 
transplantation, but most severe complications occur during 
the first postoperative month. Complications can be divided 
into four categories: renal, vascular, and urological compli- 
cations, and fluid collections. The major role of imaging 
studies is to differentiate vascular and urological complica- 
tions that do not require renal biopsy from renal complica- 
tions that do require renal biopsy. Owing to high sensitivity 
and wide availability, color Doppler ultrasonography (US) is 
most commonly used. Other frequently used imaging modal- 
ities include intravenous urogram (IVU), computed tomog- 
raphy (CT), magnetic resonance (MR) imaging, angiography, 
and renal scintigraphy. 


Normal Renal Transplant 


Normal renal transplant is visualized in either side of the 
iliac fossa. Cortical echo is slightly higher than the medulla 
but corticomedullary differentiation may not be visualized in 
normal renal transplant. No narrowing or stenosis is visual- 
ized in anastomosis site to iliac vessels. The resistive index 
(RD is less than 0.7 and peak systolic velocity is between 
180 and 210 cm/s. Renal venous flow is flat. 


Renal Complications 
Imaging findings of renal complications are often nonspecific 


because a specific diagnosis can only be made by renal 
biopsy. However, the occurrence time of renal complications 
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after transplantation along with clinical and radiological 
findings may help differentiate among renal complications. 
For example, acute tubular necrosis commonly occurs dur- 
ing or immediately after transplantation, and cyclosporine 
toxicity often occurs in the first to third postoperative month. 
Allograft rejection may vary in onset time according to type 
of rejection. Acute rejection most commonly occurs in 
1—4 weeks after surgery, and chronic rejection occurs months 
to years after transplantation. 


Acute Tubular Necrosis 


Acute tubular necrosis usually occurs immediately after 
transplantation, most often within the first 48 h, and is caused 
by ischemia of the transplanted kidney. It most commonly 
occurs in cadaveric allografts but may also occur in living 
donor due to the delay between the donor nephrectomy and 
vascular anastomosis in the recipient. The affected patient 
may present with anuria, azotemia, and graft swelling. It usually 
resolves within 7—10 days after transplantation but may 
persist for several weeks. 


Graft Rejection 


Graft rejection is often classified into five categories accord- 
ing to the onset of the disease: hyperacute, accelerated acute, 
acute, chronic, and acute superimposed on chronic. Because 
of differences in treatment, it is essential to differentiate graft 
rejection from other causes of graft dysfunction. 

Hyperacute rejection is mediated by humoral antibodies 
and frequently occurs during surgery or a few hours after 
transplantation. The vascular endothelium of small vessels is 
damaged by complement-mediated reaction resulting in 
thrombosis and extensive cortical necrosis. The affected 
graft is usually unsalvageable, and should be removed imme- 
diately by transplant nephrectomy. 
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Accelerated acute rejection occurs within the first few 
days after surgery. Diagnosis can be made when rejection 
occurs in the first week of transplantation. 

Acute rejection most commonly occurs during the first 
week after transplantation but may occur at any time after 
surgery. It presents with oliguria, azotemia, graft swelling 
and tenderness, and fever. Acute rejection can be divided 
into interstitial and vascular rejection. Interstitial rejection is 
a cell-mediated process and vascular rejection is mediated by 
humoral and cellular immune reaction. Histologically, in 
interstitial rejection, the major changes occur in the intersti- 
tium, sparing glomeruli, arterioles, and arteries, whereas 
arterioles and arteries are mainly affected in vascular rejec- 
tion. Pure vascular rejection shows a poorer prognosis, but is 
rare. 

Chronic rejection is mediated by both humoral and cellu- 
lar mechanism. It usually occurs months to years after sur- 
gery. The affected patients may present with progressive 
azotemia and hypertension. Histologically, it often results in 
interstitial fibrosis. The changes are usually irreversible. 


Cyclosporine Nephrotoxicity 


Cyclosporine is toxic to both the liver and kidneys. Renal 
dysfunction commonly occurs during the first month of 
transplantation. The diagnosis can be made by exclusion of 
other causes of renal dysfunction. Measurement of blood 
cyclosporine levels may be helpful but does not always cor- 
relate with the severity of nephrotoxicity. Imaging studies 
can be beneficial in these circumstances but renal biopsy is 
often needed. Treatment mainly includes reducing the 
cyclosporine dose. The changes can be reversed by the treat- 
ment except for chronic toxicity. 


Imaging Findings 


For the evaluation of renal complications, Doppler US and/ 
or radionuclide imaging are most commonly used. Imaging 
findings, however, are often nonspecific. US findings of acute 
tubular necrosis, rejection, and cyclosporine toxicity often 
overlap. Diagnosis should be correlated with clinical and 
laboratory findings and renal biopsy is usually needed for 
confirmation. 

In acute tubular necrosis, transplanted kidney is usually 
normal. If some changes take place, they include increased 
echo of the renal pyramid. Renal scintigraphy demonstrated 
delayed time to peak, persistent parenchymal activity, and 
delayed excretion. 

In acute rejection, grayscale US may demonstrate swell- 
ing of the transplanted kidney, decreased echogenicity of the 
renal cortex and medullary pyramids, diminished echogenicity 
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of the renal sinus, and thickening of the wall of the renal 
pelvis and ureter. Although these morphological changes are 
characteristic of allograft rejection, they can also be seen in 
other causes of allograft dysfunction including acute tubular 
necrosis and cyclosporine toxicity. 

On color Doppler US, renal blood flow is often dimin- 
ished and the RI is elevated in patients with acute tubular 
necrosis, cyclosporine toxicity, and rejection. When vascular 
resistance within the allograft is markedly increased, it may 
cause reversal of diastolic flow. It is often seen in patients 
with acute rejection or renal vein thrombosis but can be seen 
in any disease with increased vascular resistance of the 
allograft. Although the elevated RI can also be seen in 
patients with renal vein thrombosis, urinary tract obstruc- 
tion, and perirenal fluid collection, the RI value greater than 
0.90 is relatively specific for acute rejection. However, using 
higher RI value as a threshold may result in low sensitivity in 
diagnosing acute rejection. As the RI values are nonspecific, 
serial changes of the RI values are more helpful. The base- 
line and serial follow-up Doppler studies may improve accu- 
racy in assessing allograft dysfunction. 

In chronic rejection, grayscale US may demonstrate nor- 
mal or increased parenchymal echogenicity, cortical thinning, 
and mild hydronephrosis. Renal scintigraphy demonstrates 
decreased radiotracer uptake. 


Vascular Complications 
Renal Artery Stenosis 


Renal artery stenosis is reported to occur approximately in 
10% of renal transplant recipients. It usually occurs in the 
first 3 years after transplantation. The affected patients may 
present with allograft dysfunction and hypertension. The most 
common sites for arterial stenosis are at or just distal to the 
arterial anastomosis. 


Renal Vein Thrombosis 


Renal vein thrombosis is a rare complication of transplantation 
occurring in less than 5%. It usually occurs within the first few 
postoperative days. It often presents with swelling and tender- 
ness of the graft. The diagnosis should be suspected when a 
patient develops nephritic syndrome after transplantation. 
Once diagnosed, the allograft should be removed immediately. 


Arteriovenous Fistulas 


Intrarenal arteriovenous fistula and pseudoaneurysm most 
commonly occur after renal biopsy. Intrarenal arteriovenous 
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fistula occurs when biopsy needle goes through the intrare- 
nal artery and vein simultaneously. Pseudoaneurysm occurs 
when intrarenal artery is weakened with biopsy needle. 
Although most of these lesions are small and resolve eventu- 
ally, they may communicate with the collecting system or 
rupture into the perirenal space. Small and asymptomatic 
lesions can be carefully followed up, whereas larger lesions 
usually need to be treated by embolization. 


Imaging Findings 


For the evaluation of vascular complication of the renal 
allograft, various modalities including color Doppler US, CT 
angiography, MR angiography, and conventional angiogra- 
phy can be used. Of these, color Doppler US is most com- 
monly used as the first-line imaging modality. Although 
angiography is the gold standard for detecting vascular abnor- 
malities, it is not commonly used due to its invasiveness. 

For the diagnosis of renal artery stenosis of the transplanted 
kidney, color Doppler US is performed either at the main renal 
artery or at intrarenal arteries as in the native kidneys. At the 
stenotic segment, focal color aliasing and post-stenotic turbu- 
lent flow can be seen on color Doppler US. Doppler criteria for 
significant stenosis at the main artery include high frequency 
shift of more than 7.5 kHz or more than 2 m/s with distal tur- 
bulence. Doppler US of intrarenal arteries may demonstrate a 
pulsus tardus-parvus waveform (prolonged acceleration time 
and diminished peak systolic velocity), which is characteristic 
of significant stenosis of the renal artery. An acceleration time 
of intrarenal arteries greater than 0.07 s, and an acceleration 
index less than 3 m/s? are considered diagnostic criteria for 
renal artery stenosis. As CT and MR angiography directly 
visualize renal arteries in three dimensions, stenotic segment 
can be well demonstrated using these techniques. For patients 
with positive Doppler US findings, angiography is often 
required for both diagnosis and treatment. Renal artery steno- 
sis can be successfully treated in most cases by percutaneous 
transluminal angioplasty. 

US findings of renal vein thrombosis are nonspecific. 
The allograft is often enlarged and hypoechoic. Doppler US 
may demonstrate intraluminal echogenic thrombi and 
absence of flow in the renal vein. Doppler US of the renal 
artery may demonstrate a high RI and sometimes reversed 
diastolic flow. Absent venous flow and highly resistive arte- 
rial waveform in early postoperative days may suggest the 
diagnosis of renal vein thrombosis. 

Arteriovenous fistula and pseudoaneurysm can be easily 
depicted on color Doppler US. Arteriovenous fistula is seen 
as a localized area of high-velocity turbulent flow. The feed- 
ing artery may demonstrate a high-velocity, low-resistance 
waveform, whereas the draining vein may show an arterial- 
ized pulsatile waveform. Pseudoaneurysm is seen as a cystic 
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area with internal flow. Doppler US may demonstrate bidi- 
rectional flow within the cyst. 


Urologic Complications 
Hydronephrosis 


Immediately after renal transplantation, transient obstruction 
may occur due to edema at the site of ureteral implantation. 
Later in the postoperative period, ureteral obstruction may be 
caused by stricture, stone, blood clot, or sloughed papilla, as 
in the native kidney. 


Urine Leak 


Urine leak after renal transplantation most commonly occurs 
at urethrovesical anastomosis site and the renal pelvis. The distal 
ureter of transplanted kidney is at higher risk for necrosis due 
to lower vascular supply. It occurs weeks to months after 
transplantation. It may lead to urinoma and/or urine ascites 
when the leak is large in amount. 


Imaging Findings 


US can easily detect dilatation of the collecting system 
although the dilatation does not always indicate urinary 
obstruction. Mild dilatation of the collecting system may occur 
due to volume overload or loss of tone in collecting system 
after transplantation. Although the use of RI has been reported 
to be helpful in differentiating obstructive and nonobstructive 
hydronephrosis, subsequent studies revealed that there is little 
correlation between RI and the degree of obstruction. 


Fluid Collections 


Various perigraft fluid collections may occur including hema- 
toma, urinoma, abscess, and lymphocele. The onset of fluid col- 
lection may be helpful in differentiating among them. Hematoma 
and urinoma commonly occurs in early postoperative days, 
whereas lymphocele usually occurs more than 4 weeks after 
transplantation. Accurate diagnosis of perinephric fluid collec- 
tion is important because perinephric fluid collection is the most 
common postoperative complication and frequently causes 
allograft dysfunction with mechanical compression. 


Hematoma 


After transplantation, a small amount of perirenal fluid is 
common and usually represents hematoma or seroma. It often 
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surrounds the allograft and contains internal septa. It resolves 
spontaneously in several weeks. Hematoma associated with a 
leak from vascular anastomosis is often large and may 
displace or compress the allograft. 


Urinoma 


Urinoma is a rare complication, which occurs within 2 weeks 
after transplantation. The fluid collection is usually located 
between the allograft and bladder but may occur in the scrotum 
or thigh. Diminished urine output in initially functioning 
allograft suggest urinary leak. Urine ascites may occur when 
the fluid collection is communicated with the peritoneal space. 


Lymphocele 


Lymphocele is the most common post-transplant fluid col- 
lection resulting from lymphatic obstruction due to surgi- 
cally disrupted lymphatics. It occurs 4-8 weeks after 
transplantation. It is often located between the allograft and 
bladder and commonly accompanied by hydronephrosis. 
When large, it may compress the collecting system or ureter 
and therefore need treatment. 


Post-transplantation Lymphoproliferative 
Disorder 


Post-transplantation lymphoproliferative disorders (PTLD) 
is a spectrum of disease ranging from a mononucleiosis-like 
illness to lymphoid proliferations or lymphomas in the recipi- 
ents. It occurs as sequelae of chronic immunosuppression. 
The Epstein-Barr virus is believed to be associated with most 
PTLD patients. PTLD after renal transplantation is a fatal 
complication. Extranodal disease is common (81%) compared 
with nodal disease (22%) in PTLD patients. Common PTLD- 
related neoplasms are lymphoma and Kaposi sarcoma. 


Imaging Findings 


On US, chronic hematomas are often seen as regions of 
decreased echogenicity but acute hematoma may demonstrate 
high echogenicity due to clots or cellular debris. Septation is 
common. CT may demonstrate layering in the cystic lesion. 
Urinoma is often seen as an anechoic lesion around the allograft 
or ureter. Leak of intravenous contrast material may be dem- 
onstrated on IVU or CT. Lymphocele is seen as an anechoic 
lesion, often with multiple fine septations. On Doppler US, it 
may cause an increase in RIs of allograft particularly when 
the lesion is very large and compresses the ureter. On CT, 
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lymphocele is seen as a low-attenuated lesion with a CT value 
of 0-20 HU. It does not enhance after administration of intra- 
venous contrast material. 

The characteristic radiologic presentation of PTLD is 
single or multiple organ masses. These organs include solid 
organ, hollow viscera, lymph nodes, retroperitoneal muscle, 
abdominal peritoneum, and transplanted kidney. The charac- 
teristic radiologic presentation of PTLD is multiple masses 
involving the transplanted kidney and enlarged lymph nodes. 
It may also involve other solid organs including native kid- 
neys, hollow viscus, retroperitoneal muscle, and abdominal 
peritoneum. In MR imaging, these lesions are shown as 
hypointense lesions with minimal enhancement. 
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1. Normal Transplanted Kidney 


Fig. 1.1 Normal transplanted kidney in a 49-year-old woman. (A) 
Contrast-enhanced CT of the transplantshows normal renal parenchy- 
mal enhancement without hydronephrosis. (B and C) Longitudinal (B) 
power Doppler and (C) color Doppler US of the transplant show normal 
blood flow in the main renal artery (large arrow) and vein (small 
arrows), and normal parenchymal vascularity throughout the trans- 
planted kidney 
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Fig. 1.2 Normal transplant in a 47-year-old man. Transverse color 
Doppler US of renal hilum demonstrates normal blood flow in the main 
renal artery and vein 


Fig. 1.3 Normal transplant in a 44-year-old man with autosomal domi- 
nant polycystic kidney disease. Coronal contrast-enhanced CT demon- 
strates normal parenchymal vascularity. Note the intact main renal 
artery (large arrow) and vein (small arrow) of the transplanted kidney 
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V1 =0.313m/s .. 
V2 = 0.144m/s © 
RI = 0.54 


S/D = 2.17 


Fig. 1.4 (A and B) Power Doppler (A) and spectral Doppler US (B) images of renal allograft in 31-year-old women. On power Doppler US, 
longitudinal scan shows normal parenchymal vascularity. Spectral Doppler US of interlobar artery demonstrates normal RI of 0.54 
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2. Acute Tubular Necrosis 
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Acute tubular necrosis in a 29-year-old man with renal 
allograft. The patient had fever and tenderness on the allograft on the 
second day of renal transplantation. (A) Spectral Doppler US performed 
5 days after transplantation demonstrates elevated RI (0.83). (B) US 


performed 5 days later shows mildly swollen allograft with diffusely 
increased parenchymal echogenicity. (C) Spectral Doppler US of an 
interlobar artery performed on the same day as (B) demonstrates loss of 
diastolic flow with an RI of 1.0 
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3. Acute Rejection 


RI = 0.80 
S/D = 4,89 


Acute rejection in a 59-year-old man. (A) Longitudinal US Doppler US of the renal allograft shows sharp peak and weak diastolic 
shows swollen allograft. Biopsy was performed for renal transplanta- flow, suggesting increased tissue resistive index (0.80), consistent with 
tion, which confirmed the diagnosis of acute rejection. (B) Spectral allograft rejection 


17 
V1 = 0.363m/s eee 
V2 = 0.084m/s E 


Acute humoral rejection in a 33-year-old man. (A) Longitudinal increased RI (0.77). (C) Color Doppler US shows intact renal artery 
US shows swollen allograft with diffusely increased renal parenchymal (large arrow) and vein (small arrow) of the transplanted kidney 
echogenicity. (B) Spectral Doppler US of the renal allograft shows 
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Acute allograft rejection in a 31-year-old man. (A) Longitudinal 
US of the renal allograft performed 7 days after transplantation shows 
normal size and parenchymal echogenicity of the allograft. (B) Spectral 
Doppler US performed on the same day as (A) shows slightly elevated 


RI of 0.74. (C) Longitudinal US performed 18 days after transplanta- 
tion shows swelling of the allograft with decreased echogenicity of the 
renal sinus, suggesting acute allograft rejection. (D) Spectral Doppler 
US shows markedly increased RI 
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Acute renal allograft rejection in a 44-year-old man. (A) 
Spectral Doppler US of interlobar artery shows reversed diastolic flow 
with resistive index greater than 1.0. (B) Excised transplanted kidney 
appears swollen and hemorrhagic 
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An 18-year-old man with acute vascular rejection with hemolytic 
uremic syndrome. (A) Longitudinal US shows swollen allograft with dif- 
fusely increased echogenicity. (B) Spectral Doppler US shows high resis- 
tance. Diastolic flow is absent and RI is 1.0. (C) Coronal T1-weighted MR 
image of the renal allograft shows diffuse renal swelling and loss of nor- 
mal corticomedullary contrast. (D) Coronal T2-weighted MR image of 
renal allograft shows diffusely increased signal intensity in the renal 
parenchyma. (E) After administration of intravenous contrast material, 
renal parenchyma demonstrates heterogeneous contrast enhancement with 
delayed excretion through renal collecting system, indicating impaired 
excretory function of the allograft 
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(continued) 
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4. Chronic Rejection 


Chronic renal allograft rejection in a 27-year-old man who 
received renal transplantation 6 years earlier. Transverse color Doppler 
US shows diffusely increased parenchymal echogenicity with markedly 
decreased vascularity, which is suggestive of chronic rejection 


Chronic renal allograft rejection in a 26-year-old man who 
received transplantation 3 years earlier. (A) Longitudinal US of the 
allograft demonstrates increased renal cortical echogenicity and 
enlarged hypoechoic medullary pyramids. (B) Spectral Doppler US of Chronic rejection in a 43-year-old man who received renal 
an interlobar artery shows absent diastolic flow with an RI of 1.0 transplantation 3 years earlier. Longitudinal US of the transplanted kid- 

ney shows focal echogenic lesion in the upper polar area (arrows). 
Biopsy revealed chronic rejection 
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5. Vascular Lesions in the Transplanted Kidney 


V1 = 0.186m/s 

V2 = 0.113m/s 
11 | RI=0,39 

S/D = 1.64 


Inverted 


Allograft renal artery stenosis in a 44-year-old man. (A) 
Spectral Doppler US of the transplanted kidney reveals marked spectral 
broadening and a characteristic “pulsus tardus and parvus pattern,” 
which suggests renal artery stenosis. (B) Coronal reconstructed CT 
angiography showed two focal stenoses just distal to the anastomosis 
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site (arrows). (C) Right internal iliac angiography shows two stenosis 
sites (arrows) in renal artery of transplanted kidney. (D and E) After 
balloon angioplasty, stenotic foci disappeared in right iliac 
angiography 
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Arteriovenous fistula in a 31-year-old man with transplant 
rejection who had renal biopsy 1 month earlier. Color Doppler US of 
renal allograft demonstrates a hypervascular lesion in the upper portion 
of the allograft (arrow). Note the turbulence in the lesion shown as a 
mosaic pattern of flow signals 


Pseudoaneurysm in a 29-year-old woman with renal allograft 
who had allograft biopsy 1 year earlier. (A) Color Doppler US reveals a 
focal area of high velocity with aliasing in the upper portion of the 
transplanted kidney (arrow). (B) Spectral Doppler US of the lesion 
demonstrates a mixed, continuous, and pulsatile flow with prominent 
spectral broadening 
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A 27-year-old man with pseudoaneurysm of the transplant 
renal artery caused by previous allograft biopsy. (A) Right iliac arte- 
riography demonstrates a small aneurysm (arrow) in the segmental 
artery of the renal allograft. (B) Embolization was performed by using 
a coil (arrow), and postembolization arteriography shows disappeared 


aneurysm 
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Fig.5.5 Renal vein thrombosis of the transplanted kidney in a 36-year- 
old man with autosomal dominant polycystic kidney disease. (A and B) 
Transverse (A) and coronal contrast-enhanced CT (B) shows low atten- 
uated thrombus (arrow) in the renal vein of the transplanted kidney 


27 Transplanted Kidneys 


Illustrations 


6. Periallograft Fluid Collections 


Perirenal fluid collection in a 30-year-old man with renal 
transplant. Longitudinal US of the renal allograft shows a small 
amount of fluid collection (arrow) in the superior aspect of the 
renal allograft. The renal echogenicity is diffusely increased, which 
is suggestive of allograft rejection 


Periallograft lymphocele in a 43-year-old man with renal 
allograft. He complained of pain and edema in the right leg. (A) 
Transverse US at the hilum of renal allograft demonstrates a moder- 
ate amount of fluid collection (arrow) encircling the ureter (arrow- 
heads) and renal vascular pedicle (open arrow). K—transplanted 
kidney. (B) A consecutive US image of the fluid collection shows a 
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fine internal septation (arrows). (C) Nonenhanced CT scan of the 
upper pelvis shows a small amount of fluid collection (arrows) in the 
anteromedial aspect of the renal allograft (K). (D) A consecutive 
nonenhanced CT scan of the lower pelvis shows a fluid collection 
(arrows) in the lateral aspect of the urinary bladder (B) which is a 
typical location for lymphocele 
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Fig. 6.3 Urinoma in a 60-year-old man who received renal transplanta- 
tion 18 days earlier. (A) US of the renal allograft in transverse plane shows 
a septated fluid collection (arrows) in the superior aspect of the allograft. 
(B) Spectral Doppler US of the renal allograft shows increased RI in the 
interlobar artery (0.8). (C) Intravenous urography obtained in excretory 
phase demonstrates leak of contrast into a fluid collection medial to the 
renal hilum of the allograft (black arrow). Renal pelvocalyceal system 


and upper ureter appear normal. Percutaneous catheter drainage was per- 
formed, and drainage catheter (white arrow) is seen in the lateral aspect of 
the allograft. (D and E) Nonenhanced CT scan performed after IVU shows 
contrast material both within the calyx and the ureter of the allograft 
(arrowheads) and in the cystic lesion (arrow) between the allograft and 
bladder (B) 
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7. Infection of the Transplanted Kidney 


Fig. 7.2 Acute pyelonephritis with small abscesses in a 39-year-old 
woman with renal allograft. Contrast-enhanced CT in coronal plane 
shows multifocal perfusion defects (arrows) in a swollen allograft 


Fig.7.1 Acute pyelonephritis in a transplanted kidney in a 30-year-old 
woman. (A) Transverse US demonstrates hypoechoic areas in both the 
anterior and posterior portions of the kidney (arrows). Near-field paren- 
chymal lesion outlined by straight margins may be an artifact, but the 
lesion in the posterior parenchyma accompanies a bulging contour, 
which suggests a true lesion. The urothelium is thickened in the renal 
pelvis (arrowheads). (B) Contrast-enhanced CT demonstrates multifo- 
cal perfusion defects (arrows) mostly in the posterior portions of the 
transplanted kidney 


7.3 Acute pyelonephritis in a 70-year-old man with renal allograft. 
Contrast- enhanced CT shows a wedge-shaped focal perfusion defect 
(arrows) in the upper pole of allograft 
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Acute pyelonephritis in a 35-year-old woman with renal 
allograft. (A and B) Contrast-enhanced CT scans in transverse (A) and 
coronal planes (B) show a wedge-shaped focal perfusion defect in the 
upper pole of allograft (arrow) 
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5 Candidiasis in a 42-year-old man with renal allograft. (A) 
Contrast-enhanced CT scan shows diffuse swelling of the renal allograft 
with heterogeneous enhancement of the renal parenchyma. Note small, 
low-attenuated lesions in the peripheral renal parenchyma (arrow- 
heads). (B) Transverse US demonstrates small hyperechoic lesions 
(arrows). US-guided biopsy revealed a Candida species infection on 
the transplanted kidney 


Illustrations 
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8. Miscellaneous Lesions of the Transplanted Kidney 


PEAK SYq 
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RI 


Ureteral obstruction of the transplanted kidney at the anasto- 
mosis site in a 39-year-old man with renal allograft. (A) Spectral 
Doppler US of the transplanted kidney shows normal Doppler spectral 
pattern and normal RI of 0.66. (B) Spectral Doppler US performed 
1 year later, when the patient complained of a decreased amount of 
urine, shows dilated renal pelvis and an elevated RI of 0.77 


Postbiopsy rupture of the renal allograft in a 48-year-old 
woman with allograft rejection. (A) Spectral Doppler US of an interlo- 
bar artery shows highly resistive flow and flow reversal, suggestive of 
severe vascular compromise. (B) After biopsy of the transplanted kid- 
ney, which revealed acute vascular rejection, the patient complained of 
severe pain at the biopsy site. Contrast-enhanced T1-weighted MR 
image of the renal allograft reveals rupture of renal allograft with peri- 
renal fluid collection (arrows) 
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Transitional cell carcinoma arising at the ureter in a 45-year-old 
man with renal allograft. (A) Longitudinal US of the transplanted kidney 
shows diffuse enlargement of the kidney with increased renal parenchymal 
echogenicity. No focal lesions are demonstrated. (B) Contrast-enhanced 
CT shows diffuse enlargement of the transplanted kidney with focal low- 
attenuated lesions (arrow). Renal biopsy revealed post-transplantation lym- 
phoproliferative disorder of polymorphous variant with T-cell lineage, and 
transplant nephrectomy was performed 


Diffuse B cell lymphoma in a 47-year-old man 1 year after 
renal transplantation. (A and B) Contrast-enhanced CT scans in trans- 
verse (A) and coronal planes (B) show contour bulging solid mass in the 
left native kidney (arrowheads). Note multiple enlarged lymph nodes in 
paraaortic areas (arrows) 


5 Post-transplantation lymphoproliferative disorder in a 28-year-old 
man with renal allograft. Contrast-enhanced CT shows elongated soft tis- 
sue (arrows) in the right pelvic side wall. Mass biopsy revealed post- 
transplantation lymphoproliferative disorder of polymorphous variant with 
B-cell lineage 
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Introduction 


In-One Kim 


Urinary tract infection is defined as a bacterial infection of the 
renal parenchyma, bladder, or urethra, singly or in combina- 
tion. The growth of bacterial counts on culture greater than 
100,000 colonies per cubic milliliter from clean mid-stream 
urine establishes the diagnosis. Urinary tract infection results 
from an imbalance between bacterial virulence and host resis- 
tance. The most common causative organism is Escherichia 
coli, which comprises more than 80% of cases. Patients pres- 
ent with nonspecific symptoms such as anorexia, lethargy, 
vomiting, irritability, fever, diarrhea, or failure to thrive. Acute 
pyelonephritis is an acute tubulointerstitial inflammatory dis- 
ease of the kidney caused by bacterial infection. It is an impor- 
tant cause of morbidity in children, and chronic urinary tract 
infection can cause hypertension or chronic renal failure. 

The underlying conditions of urinary tract infection are 
vesicoureteral reflux (VUR); structural abnormalities causing 
obstruction; calculi; and hematogenous spread of the organ- 
isms. Diagnostic imaging is important on first instance of infec- 
tion to detect renal involvement and establish the extent of 
damage and also detect structural or physiological abnormality. 
Imaging evaluation is also reasonable to differentiate upper 
from lower urinary tract infection, to detect complication and 
unusual disease, and to establish the prognosis. Ultrasonography 
(US) is usually the first imaging modality to evaluate the struc- 
tural abnormality of the kidney and computed tomography 
(CT) is a sensitive means of evaluating renal parenchyma in 
acute infection, but magnetic resonance (MR) imaging can be 
used to supplement CT or prevent contrast reaction or ioniz- 
ing radiation. Voiding cystourethrography (VCUG) is the 


I-O. Kim 

Department of Radiology, 

Seoul National University Hospital, 
Seoul, Korea 

e-mail: kimio Osnu.ac.kr 


S.H. Kim (ed.), Radiology Illustrated: Uroradiology, 


imaging choice to detect VUR. Follow-up examination usually 
involves US or dimercaptosuccinic acid (DMSA) cortical 
scintigraphy. 


Pathophysiology 


Urinary tract infection results from an imbalance between 
bacterial virulence and host resistance. Presence of fimbria, 
rapid generation time of the bacteria, and the ability to 
sequester important nutrients or specific endotoxin enhances 
the survival or proliferation of the bacteria in the host. 
Host resistance factors include specific antibodies, unim- 
peded urinary flow, low density of bacterial receptors, and 
anatomic barriers such as ureterovesical junction to prevent 
reflux or calyceal structures. Unidirectional flow of urine is 
one of the most important host resistances to bacterial infec- 
tion, which is usually compromised by obstruction or reflux 
resulting from congenital abnormalities. 

Obstruction can occur at any site, but the most common 
site is the ureteropelvic junction. Distal ureter obstruction 
can occur functionally at the level of the distal segment of the 
ureter, often called primary megaureter. Ectopic ureteroceles 
associated with a duplicated system and urethral obstruction 
most commonly due to posterior urethral valve are frequent 
causes of obstruction causing urinary tract infection. 

VUR is an important cause of urinary tract infection in 
children. The reflux provides a pathway for the bacteria to 
reach the kidney from the bladder. It also causes stagnation 
of the urine, which enhances proliferation of the bacteria. 
Primary VUR is due to maldevelopment or immaturity of the 
ureterovesical junction, and secondary reflux is frequently 
due to the presence of bladder diverticulum at the ureterove- 
sical junction; posterior urethral valve; or voiding distur- 
bance from neurogenic bladder or bladder-sphincter 
dyssynergia. Parenchymal damage is more closely related 
with intrarenal reflux. 
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Imaging 


Imaging evaluation is reasonable upon first instance of infection 
in both sexes. The purposes of imaging are to detect structural 
or physiological abnormality; to differentiate upper from 
lower urinary tract infection; to detect renal involvement or 
acute pyelonephritis; to establish the extent of renal damage; 
to detect complication and unusual disease; to determine 
baseline study for the evaluation of renal growth; and to estab- 
lish the prognosis. Radiological techniques for the evaluation 
of urinary tract infection include US, VCUG, renal cortical 
scintigraphy, CT and MR imaging. Usually, US is the first 
modality to evaluate the structural abnormality of the kidney, 
and color Doppler study can detect perfusional abnormality, 
which is accompanied with acute pyelonephritis. US is also 
useful in complicated renal infections such as abscesses, pyo- 
nephrosis, and perinephric fluid collections. To detect VUR, 
conventional or radionuclide VCUG is the first examination. 
The cystographic study also provides information about blad- 
der capacity, residual volume, and the presence of bladder— 
sphincter dyssynergia. Renal cortical scintigraphy is useful in 
identifying both acute inflammation and scars or reflux neph- 
ropathy, and it also provides quantitative information about 
functional renal tubular mass. CT is a sensitive means of eval- 
uating renal parenchyma in acute infection, or detecting 
stones or perfusion defects. CT is useful in cases in which 
complications are suspected but US findings are negative. 
MR imaging can supplement CT or to prevent contrast reac- 
tion or radiation exposure. IVU can evaluate renal cortical 
scarring and excretory anatomy, but it is rather insensitive in 
detecting acute renal infection. Follow-up examination is 
usually done by US or DMSA cortical scintigraphy. 


Acute Pyelonephritis 


Acute pyelonephritis is defined as acute bacterial infection of 
the kidney with acute inflammation usually involving both 
the renal pelvis and parenchyma. The route of infection is 
most commonly ascending infection either by reflux or bacte- 
rial capability of ascent against the urine flow and E. coli is 
the most frequent causative organism. The parenchymal com- 
ponent of the infection typically shows the wedge-shaped 
lesion pointing to the papilla. It is tubulo-interstitial nephritis 
accompanying cortical vasoconstriction and edema. Less 
commonly, hematogenous infection can cause acute pyelone- 
phritis in patients with immunocompromised condition, drug 
abuse, or extrarenal source of infection. Staphylococcus 
aureus is the most common pathogen. The terminology of 
acute focal nephritis, focal bacterial nephritis, or lobar nephro- 
nia is widely accepted as representing the same condition. 
CT is the most sensitive imaging modality in the diagno- 
sis of acute pyelonephritis and suspected complication of 
renal infection. CT shows streaky, wedge-shaped, or round 
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nonenhancing area of renal parenchyma with renal swelling. 
CT also demonstrates the presence of abscess or perinephric 
extension of the infection or renal scar. Sonography is a good 
screening tool but it is less sensitive in demonstrating early 
inflammation. US shows focal echogenic abnormalities rang- 
ing from hypo- to hyperechogenic lesion with renal swelling. 
Color Doppler sonography also shows an area of abnormally 
decreased perfusion. 


Chronic Pyelonephritis 


Chronic pyelonephritis is usually caused by focal parenchymal 
scarring from previous bacterial infection. It also begins in the 
medulla as a localized area of fibrosis and scar and results in a 
retraction of outer margin and outer pulling of papilla and 
calyceal distortion frequently in polar distribution. US or IVU 
demonstrates loss of renal substance as reduced renal thick- 
ness at one of the renal poles or retraction of the renal pyra- 
mids or distorted calyces. Renal papillary necrosis, which is 
usually caused by decreased blood flow associated with diabe- 
tes, analgesic, or sickle cell disease in an older child or adult, 
can be confusing due to the loss of medulla, blunting of caly- 
ces, and thinning of the parenchyma. 


Pyonephrosis 


Pyonephrosis means infection of the kidney associated with 
obstruction. Renal parenchyma is the same as in an infected 
kidney without obstruction, but the content of the pelvoca- 
lyceal system shows echogenic materials or higher density of 
urine on CT. 


Cystitis 


Infection of the bladder can be caused by bacteria or virus, 
or drug therapy, particularly cyclophosphamide. The blad- 
der wall is thickened with irregular margin in a well-dis- 
tended state due to edema or spasm that is apparent on US. 
Bladder capacity is frequently decreased, causing the symp- 
tom of frequent voiding. Mass-like indentation on the 
lumen can mimic intraluminal tumor, and blood clots can 
be seen in extensive hemorrhagic cystitis. Due to the altered 
compliance of the bladder wall, VUR may accompany 
cystitis. 


Vesicoureteral Reflux 
VUR, the most common abnormality underlying urinary tract 


infection in childhood, is reported to be present in 30-40% of 
children with urinary tract infection. A high incidence of 


Introduction 


reflux is reported in siblings and descendents of patients 
(60%). Reflux is now regarded as a primary phenomenon due 
to incompetence of the ureterovesical junction and is not sec- 
ondary to either obstruction or infection. Rarely reflux can be 
caused secondary to a voiding dysfunction. 

Normal competence of ureterovesical junction is due to the 
valvular mechanism of the submucosal ureteral tunnel by the 
obliquity and length of intramural ureter. Reflux is now believed 
to result from the immaturity of the valvular mechanism, which 
is one of the rationales of medical suppression therapy waiting 
for the maturation of the ureterovesical junction. 

VUR is considered to be associated with renal scarring, and 
the correlation is high between prevalence of scarring and grade 
of reflux. Patients with the higher grade of reflux more likely 
have a chance to develop a new or progressive scarring after 
urinary tract infection. Intrarenal reflux has more importance in 
scar formation, allowing parenchymal access of the microor- 
ganism. The two types of renal papillae are well described: 
simple and compound. Compound papillae is more prone to 
reflux during VUR, which facilitates intrarenal reflux. The com- 
pound papillae are mostly present in the polar region, which 
explains the frequent parenchymal loss of polar region in pyelo- 
nephritis. To produce intrarenal reflux, increasingly high pres- 
sures are required during the first 12 months of life, which 
suggests that increasingly effective defenses against intrarenal 
reflux are developing then. The “big bang” theory suggests the 
particular susceptibility to renal scarring in the infancy period. 
Intrauterine reflux is reported to be a cause of reflux nephropa- 
thy even without overt urinary tract infection, and high-grade 
reflux of sterile urine may interfere with normal renal growth. 

In the evaluation of VUR, IVU and US may be completely 
normal with gross reflux. VCUG or radionuclide cystogra- 
phy can be used to diagnose reflux. The grade of reflux is 
classified according to the extent of reflux and the degree of 
dilatation of refluxed ureter and pelvocalyceal systems. 
Radionuclide cystography is usually used for follow-up of 
known reflux. 

VCU is indicated in patients with urinary tract infection, 
especially with pyelonephritis and those with a sibling or parents 
with reflux. Prenatally detected hydronephrosis or hydroureter 
is also an indication for VCU. Changing degree of hydroneph- 
rosis during sonography is highly suggestive of reflux. 

During VCU, the presence or absence of reflux and the 
degree of reflux should be determined. The site of ureter 
insertion or coexisting bladder diverticulum, which might be 
connected with the refluxed ureter, should be carefully 
scrutinized. 


Ureteropelvic Duplication 


Ureteropelvic duplication is thought to be due to premature 
division of the ureteral bud or the development of two ure- 
teral buds from the same Wolffian duct. Incomplete duplication 
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is more frequent. The Weigert-Meyer rule applies in complete 
duplication, which has a higher incidence of infection, VUR, 
parenchymal scarring, and obstruction. The ureter draining 
the upper moiety is usually obstructed and upper pole kidney 
can be dysplastic. Reflux usually involves the ureter draining 
the lower moiety. 


Ectopic Ureterocele 


Ectopic ureterocele is a cyst-like protrusion of the dilated 
submucosal portion of an ectopic ureter into the bladder 
lumen. It is almost invariably associated with duplication, 
and the involved ureter is from the upper moiety, which is 
frequently hydronephrotic and dysplastic. Disproportionate 
large ureterocele associated with a very tiny upper moiety is 
described as ureterocele disproportion. Ectopic ureterocele 
is usually unilateral, and in half of the cases, contralateral 
duplication is present. The ureterocele may fill the base of 
bladder and obstruct the entire urinary tract or cause inter- 
mittent outlet obstruction. In the lower pole moiety, VUR is 
predisposed due to the interfered muscular support of the ori- 
fice. US demonstrates dilated upper pole connected with the 
dilated tortuous ureter terminating in a round, thin-walled, 
anechoic intravesical ureterocele. Ureterocele might be invis- 
ible on VCUG due to highly opaque contrast or deformed 
ureterocele by bladder filling. Contrast dilution and observa- 
tion during the early-filling phase is important. Ectopic ure- 
terocele frequently causes obstruction and acute infection, 
endoscopic incision is usually done to relieve obstruction of 
the upper moiety. Reflux of the lower moiety might disap- 
pear after the ureterocele incision. 


Ectopic Ureter 


The primitive ureter arises from the mesonephric (Wolffian) 
duct. The orifice migrates to lie in the bladder concomitant 
with a caudal migration of the remainder of the duct, which 
in boys contributes to the formation of the genital tract. 
Failure of the ureter to separate from the mesonephric duct 
results in the ureteral orifice being carried to some point dis- 
tal to its normal location, resulting in ureteral ectopia, which 
is much more frequent in girls. 

In girls, ureteral ectopia is frequently associated with a 
duplex kidney, and the upper segment terminates ectopically 
in the urethra, vestibule, or vagina. The opening is usually 
distal to the urethral sphincter, causing urinary incontinence. 
In this situation, upper pole moiety can be too small to detect 
radiologically. In case of high suspicion, but where the [VU 
is not diagnostic, CT is the choice of examination. If the ure- 
ter inserts into the urethra at the level of the sphincter, cyclic 
voiding can demonstrates the reflux. In boys, ectopic ureter 
opens in the posterior urethra, ejaculatory ducts, seminal 
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vesicles, vas deferens, or rectum, resulting in infection, 
hydroureteronephrosis, prostatitis, or epididymitis, but not 
incontinence, which is usually not present in boys. 
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1. Infection of the Kidney 
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Acute pyelonephritis with VUR. (A) US shows slightly decreased 
parenchymal echogenicity in the lower pole with mild renal swelling. 
(B) Color Doppler US shows decreased perfusion in the lower pole. 
(C) Contrast-enhanced CT shows multifocal low attenuated lesions scat- 
tered throughout both kidneys. These lesions are seen as wedge-shaped 


streaks pointing toward the hilum. (D) DMSA scan shows multiple paren- 
chymal photon defects especially predominant in the polar area. (E) VCUG 
shows grade 3 VUR in the right kidney. (F) Follow-up US shows irregular 
contour of the kidney with cortical scarring 
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Fig. 1.1 (continued) 
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Fig. 1.2 Acute pyelonephritis in a 7-year-old boy with diabetes mellitus. (A) Power Doppler US shows focal echogenic parenchyma with perfu- 
sion defect. (B) CT shows focal nonenhancing lesions in both kidneys 


Fig. 1.3 Renal fungus (Candida) ball in an infant after operation due to urine culture became negative and the fungus ball has resolved. (C) After 
necrotizing enterocolitis. (A) US of the kidney shows echogenic material 2 weeks, urine revealed yeast of Candida again 
occupying the pelvis. (B) After 6 weeks with antifungal chemotherapy, 
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Lobar nephronia in a 7-year-old boy with VUR. (A) US of the 
right kidney shows round echogenic bulging of the lower pole (arrows). 
(B) Nonenhanced CT shows round low-density mass-like lesions in the 
lower pole of the right kidney (arrows). Multiple paraaortic lymph nodes 
are also seen (arrowheads). A aorta, V inferior vena cava. (C) T2-weighted 
axial MRI shows a high signal intensity lesion of the right kidney (arrows). 


Enlarged paraaortic lymph nodes are seen as round, high signal intensity 
nodes. (D) Contrast-enhanced coronal MRI shows an enhancing mass-like 
lesion in the lower pole of the right kidney. Round, low signal intensity 
mass-like lesion is present within the contracted left kidney. (E and F) 
VCUG shows VUR in the both kidneys (arrows). Biopsy of the right 
lower polar mass revealed as focal nephritis 
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Fig. 1.5 Renal abscess in a 6-month-old girl presenting with fever and CT shows a slight low density mass-like lesion in the right kidney. 
diarrhea. (A) US of the right kidney shows a round, low anechoic, (D) Delayed post-contrast CT shows a nonenhancing mass lesion. 
mass-like lesion in the mid-pole. (B) Color Doppler image shows avas- (E) CT urography clearly demonstrates the low density lesion. Frank 
cular mass and surrounding parenchymal vascularities. (C) Precontrast pus was aspirated under US guidance 
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) (continued) 


Emphysematous pyelonephritis in an infant with cloacal 
anomaly. US of the kidney shows a high echogenic linear shadow with 
posterior shadowing and reverberation artifact, suggesting air collec- 
tion within the dilated calyx. The adjacent calyx is filled with echogenic 
material 
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Xanthogranulomatous pyelonephritis in a 14-month-old girl. suspicious for necrosis. (E and F) One-month follow-up CT (coronal 
(A and B) An 8-cm-sized contour bulging, huge mass lesion containing reconstruction) shows no interval change of the mass with heteroge- 
large central anechoic areas suspicious for central necrosis. A lobulated neous solid and cystic component. Biopsy was confirmed as xan- 
solid wall surrounds the central anechoic portion. (C and D) Post-  thogranulomatous pyelonephritis 
contrast CT shows a heterogeneous solid mass with large cystic portion, 
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2. Cystitis 


Hemorrhagic cystitis in a 7-year-old girl with frequency, defects due to marked thickening of the bladder wall. Anatomy and 
urgency, hematuria, and dysuria. (A) IVU shows marked irregularity of function of both kidneys are normal. (B) Delayed film shows decreased 
the bladder wall. The ureterovesical junctions demonstrates filling bladder capacity with irregular thickening of the wall 


2 Acute hemorrhagic cystitis in a 5-year-old boy. US of the 
bladder shows markedly thickened lobulated bladder wall 
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3. Vesicoureteral Reflux 


Fig. 3.1 Grade H (Rt)-M (Lt) VUR. (A) VCU shows reflux into the of the upper pole. (C) Color Doppler shows decreased perfusion in the 
dilated left renal calyces and ureter during voiding. Reflux in the right upper pole. (D) DMSA scan (prone position) shows a photon defect in the 
kidney is also seen, but hydronephrosis is not seen. (B) US of the left upper pole of the left kidney 

kidney shows decreased parenchymal volume and increased echogenicity 
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Fig. 3.2 Renal dysplasia associated with VUR. (A) High-grade VUR decreased photon uptake of the left kidney. LPO left posterior oblique, 
is seen in the left kidney. (B and C) CT shows markedly decreased size RPO right posterior oblique. (E) Left nephrectomy was done. Pathology 
and thinning of the left kidney. (D) DMSA scan shows markedly revealed dysplastic kidney 
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Fig. 3.2 (continued) 


Fig.3.3 Intrarenal reflux. (A) VCU shows bilateral reflux up to calyces. (B) Opacification of the renal papillae is clearly demonstrated 
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9.3.5 VUR in a patient with chronic renal failure who was undergo- 
ing peritoneal dialysis. VCU shows reflux into the nondilated ureter and 
the pelvocalyces. The reflux is presumed to be caused by decreased 
compliance of the bladder wall 


Fig. 3.4 VUR associated with bladder diverticulum. (A) VCUG dem- 
onstrates grade III VUR. (B) Voiding view shows that the refluxed ure- 
ter inserts into the diverticulum (so-called Hutch diverticulum) 
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4. Ureterocele 


Fig. 4.2 Ureterocele eversion. During voiding, the partially contrast- 
filled ureterocele protrudes outward (arrow) due to the eversion of the 
ureterocele 


Fig. 4.1 Simple ureterocele. [VU shows mild dilatation of the left distal 
ureter. The bulbous distal end of the left ureter is outlined by a radiolucent 
thin wall, which is the called “cobra-head” appearance (arrowheads). 
Pelvocalyceal systems are normal 
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Ureterocele causing intermittent bladder outlet obstruction. shows the connection of the ureterocele with a dilated ureter. (D) Axial 
(A) The filling phase of VCU reveals a round filling defect of uretero- US shows lobulated contour of the ureterocele occupying the bladder 
cele in the left side. (B) During voiding, the ureterocele is impacted in base. (E and F) Sagittal T2-weighted MRI shows large ureterocele con- 
the bladder neck, compressing the opacified vagina anteriorly. (C) US nected with the ureter occupying the outlet of the bladder 
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Fig. 4.3 (continued) 
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5. Ureteropelvic Duplication 


Fig. 5.1 Renal duplication in a 2-year-old boy with sepsis. (A) pole is normal. (B) The longitudinal scan of the bladder demonstrates 
Longitudinal US of the kidney reveals duplication of the collecting sys- the ureterocele as a round cystic mass that is connected with dilated 
tem, and marked hydronephrosis of the upper pole (U) containing echo- ureter draining the upper pole. The wall of the ureter is markedly 
genic debris, suggesting pyonephrosis. The appearance of the lower thickened 
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Fig. 5.2 Renal duplication with ureterocele. (A) US of the bladder 
shows large bi-lobulated cystic mass connected with dilated ureter (not 
shown). (B and C) US of kidney shows hydronephrotic upper pole con- 
nected with tortuous dilated ureter. (D and E) Delayed enhanced CT 
shows a nonopacified hydronephrotic right upper pole with tortuous 


dilated ureter and ureterocele. (F) VCU shows large ureterocele as 
lobulated filling defects. (G) During voiding, reflux into the lower pole 
of the right kidney is seen. The ureterocele obstructs the bladder outlet. 
(H) Upper pole nephrectomy specimen shows small dysplastic kidney 
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5.2 (continued) 
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5.2 (continued) 


VUR into the upper pole after transurethral incision (TUD (B) A 15-min film of the IVU shows collapsed ureterocele after TUI 
in an infant with sepsis. (A) IVU shows bilateral duplication and (arrows). (C) Delayed film of IVU shows VUR into the hydroneph- 
nonfunctioning left upper pole connected with ureterocele (arrows). — rotic left upper pole after TUI 
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Fig. 5.3 (continued) 
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6. Ectopic Ureter 


= DISTURET 


— 


Urinary incontinence in a 3-year-old girl associated with clearly demonstrated. BL bladder. (D and E) Contrast CT shows hydro- 
ectopic ureter. (A) US of the left kidney shows hydronephrotic upper nephrotic left upper pole and dilated distal ureter extending posterolat- 
pole. (B) Left distal ureter locates behind the bladder base with mild erally to the bladder outlet. (F and G) Antegrade pyelography shows 
thickening of the wall. (C) Perineal US shows dilated distal ureter run- ectopic insertion of the left upper pole ureter at the proximal vagina 
ning behind the urethra. The exact location of ureter insertion is not 
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Fig. 6.1 (continued) 


28 Pediatric Urinary Tract Infection and Related Conditions 


Fig. 6.2 Dysplastic kidney with ectopic ureter insertion into the semi- (B and C) Dysplastic right kidney is connected with the refluxed tortuous 
nal vesicle. (A) VCU shows contrast reflux into the seminal vesicle linear structure (arrowheads in B). Prominent bladder trabeculation, left 
(arrows) and opacification of tortuous linear structure (arrowheads). VUR, and posterior urethral distension suggest urethral obstruction 


Illustrations 


7. Urethral Abnormalities 


Fig. 7.1 Posterior urethral valve in a 2-year-old boy with urinary 
dribbling. VCU shows dilatation of the posterior urethra and 
accentuation of the bladder trabeculation 
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Fig. 7.2 Posterior urethral valve in a 2-year-old boy with sepsis. and hydroureter and trabeculated urinary bladder. (D) VCU shows 
(A) US of the kidney shows marked hydroureteronephrosis. (B) US  trabeculated bladder with reflux in both tortuous dilated ureters. 
of the bladder shows thickening of the bladder wall and dilatation of (E) Voiding view shows distended posterior urethra with faint opaci- 
the distal ureter. (C) IVU shows extensive bilateral hydronephrosis fication of the slit-like contrast in the distal urethra 
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Posterior urethral valve in a 10-year-old boy. (A) Posterior urethral valve is not visualized on retrograde urethrography. (B) VCU clearly 
demonstrates dilatation of the posterior urethra 


Anterior urethral valve. (A) VCU shows dilatation of the prostatic and bulbous urethra and abrupt decrease of the distal urethral lumen. 
Grade I VUR is seen in the left side. (B) US of the bladder shows mild degree of bladder wall thickening 


Fig.7.5 Posterior urethral valve with recurrent epididymitis. (A) VCU 
shows abrupt caliber change of the urethral stream due to the posterior 
urethral valve. (B) US shows moderate degree of diffuse thickening of 
the bladder wall. (C) US of the scrotum shows diffusely enlarged 


28 Pediatric Urinary Tract Infection and Related Conditions 


epididymis with heterogeneous echogenicity and multiloculated fluid 
collection. Thickening of the scrotal wall is also seen. (D and E) Color 
Doppler US shows increased blood flow in the epididymis 


Illustrations 


Fig. 7.6 Reflux into the seminal vesicle in a boy with urethral 
stricture. Voiding view of the cystography shows fan-shaped 
multiple linear contrast filling at the prostatic urethra. A focal 
stricture is present in the proximal penile urethra 
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Fig.7.7 Urethral meatal stricture with epididymitis. (A) VCUG shows (C) Epididymis is enlarged and echogenicity is heterogeneously 
severe stricture of the urethral meatus and segmental stricture of the increased. (D) Color Doppler shows increased blood flow of the 
posterior urethra. (B) US shows marked thickening of the bladder wall. epididymis 


Nonvascular Interventions 
of the Urinary Tract 
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Introduction 


Chang Kyu Sung and Seung Hyup Kim 


Nonvascular interventions of the urinary tract comprise a 
wide range of techniques, including percutaneous nephros- 
tomy (PCN), percutaneous nephrostolithotomy (PNL), per- 
cutaneous dilatation of the urinary tract, percutaneous 
catheter drainage (PCD), suprapubic cystostomy, percutane- 
ous foreign body retrieval, sclerotherapy, tumor ablations, 
and biopsies. With advances in imaging technologies and 
percutaneous instruments, percutaneous procedures under 
image guidance have become a well-established field of 
interventional radiology, which enables treatment of various 
diseases in nonsurgical candidates, avoidance of invasive 
open surgery, and reduction of morbidity and mortality, 
shortening hospital stays and resulting in economic savings 
with effectiveness similar to open surgery. This chapter pro- 
vides a basic understanding of the indications and various 
image-guided, nonvascular interventional techniques widely 
performed in the genitourinary tract. 


Percutaneous Nephrostomy 


PCN is a basic uroradiologic interventional technique that 
provides direct access to the urinary tract, enabling drainage 
of an obstructed urinary tract and further interventional pro- 
cedures. PCN is performed most frequently in the presence of 
urinary obstruction and has an important role as an emergency 
procedure in cases of urosepsis secondary to urinary tract 
obstruction. 

There are no absolute contraindications to PCN, except 
for a severe bleeding tendency, which may be corrected 
before the procedure. In a patient with a urinary infection, 
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care should be taken because excessive manipulation of 
catheters or overdistension of the renal collecting system 
may result in septicemia. Antibiotics should be given before 
and after procedures in patients with urinary infection. 
Sedatives and narcotic analgesics can be used with caution, 
particularly in uremic patients. 

The imaging guidance system used to direct the needle 
for puncture varies depending on equipment availability, 
patient body habitus, and personal preference of the radiolo- 
gist. After initial puncture, however, fluoroscopy is the most 
widely used to monitor the manipulation of guidewires and 
catheters. Various types and sizes of PCN catheters can be 
used, considering the viscosity of the urine encountered and 
the underlying abnormality of the urinary tract. Usually 8-10 
French (F) pigtail-shaped catheters of the self-retaining type 
are adequate for simple drainage. 


Basic Technique 


The following describes the basic technique we use for PCN: 
1. With ultrasonographic (US) observation, the skin entry 
site is marked and the direction and depth of the needle 
puncture is decided. 
2. Skin is prepared and draped in a sterile fashion. 

Local anesthesia is applied down to the renal capsule. 

4. For localization puncture, a 22-gauge needle is inserted 
according to the direction and depth decided at US 
observation to enter the collecting system (continuous 
US-guidance is used with sterile transducer and guiding 
system if necessary). 

5. After aspiration of an adequate amount of urine, the 
optimal entry site is confirmed by introducing diluted 
contrast material and air. 

6. If the needle is located in the collecting system not 
appropriate for the tract, an ideal site should be punc- 
tured with another needle under the fluoroscopic guid- 
ance (definitive puncture). 


W 
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7. A 0.018-in., hairy guidewire is inserted through the 
puncture needle. 
8. Deeper local anesthesia is applied along the hairy 
guidewire. 
9. A coaxial sheath-stiffener system is passed over the 
hairy guidewire. 
10. A 0.038-in. guidewire is introduced through the sheath. 
11. The tract is dilated serially using Teflon dilators. 
12. A PCN catheter is inserted. 
13. PCN catheter is secured to the skin. 

Major complications (e.g., septicemia, hemorrhage requiring 
intervention, pneumothorax/hemothorax, and bowel injury) 
are seen in about 4% of patients undergoing PCN. Gross 
hematuria is commonly seen after PCN and usually clears 
within 2 or 3 days. If bleeding does not respond to conserva- 
tive management, angiography is indicated to identify an 
arterial trauma such as pseudoaneurysm or arteriovenous fis- 
tula, which can then be treated with embolization. 

Sometimes a nondilated urinary tract needs to be punc- 
tured for PCN for diversion in patients with ureteral injury, 
most often from gynecologic surgery. In such cases, the col- 
lecting system should be opacified by intravenous injection 
of contrast material, and the puncture is done under fluoro- 
scopic guidance. PCN for transplanted kidney is another spe- 
cial situation. In this situation, the upper-polar or interpolar 
calyx is usually punctured and a thinner (7- to 8-F) catheter 
is used. It is important to puncture as far lateral to the kidney 
as possible to prevent entry into the peritoneal cavity. 


Percutaneous Nephrostolithotomy 


The treatment options for the renal calculi include open sur- 
gery, PNL, ureteroscopic removal, and extracorporeal shock 
wave lithotripsy (ESWL). The development of PNL, ESWL, 
and ureteroscopy has almost replaced open stone surgery. 
The choice of treatment depends on efficacy, cost, goals of 
treatment, and the experience and preference of the physi- 
cian. The indications for PNL include the presence of a large 
stone volume within the kidney; failure of previous ESWL; 
presence of obstruction distal to a stone; large lower-pole 
calculi; stones in a horseshoe kidney, pelvic kidney, or trans- 
planted kidney; stones in calyceal diverticula; or hydrocaly- 
cosis, cystine stones, and infected stones. 

Basically, PNL involves four steps: (1) creation of the 
percutaneous access tract, which is most critical to the suc- 
cess of the whole procedure; (2) tract dilatation up to 30-34-F 
to accommodate a nephroscope; (3) stone fragmentation and 
extraction using ultrasonic lithotripsy, forceps, and baskets; 
and (4) postoperative nephrostomy tube placement. The 
whole procedure can be performed in a single operating 
room session using a C-arm fluoroscopy, but we prefer a 
two-session procedure in which access tract creation is 
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performed in the radiology department and the remaining 
procedures are performed in the operating room on the next 
day. Stones in the proximal ureter can be dislodged into the 
renal pelvis using a retrograde catheter by catheter-push or 
flushing and then can be extracted through the nephrostomy 
tract. 

Overall complications occur in about 20% of patients and 
include hemorrhage requiring transfusion, pseudoaneurysm 
or arteriovenous fistula, urinary tract injury, injury to the 
adjacent organs, and sepsis. 


Percutaneous Dilation and Stent Insertion 
of the Urinary Tract 


Ureteral strictures are caused by various benign and malig- 
nant lesions in and around the ureter. Benign causes include 
congenital obstruction, which is most common at the ure- 
teropelvic junction; infections such as tuberculosis, postop- 
erative anastomotic strictures after urinary diversion, or renal 
transplantation; iatrogenic causes such as surgical trauma or 
after percutaneous or endourologic procedures; and peri- 
ureteral causes such as retroperitoneal fibrosis or endometri- 
osis. Malignant lesions causing ureteral obstruction include 
primary ureteral tumors and secondary lesions either by 
direct invasion or metastasis. Ureteral dilatation should be 
considered before surgery for all benign ureteral strictures. 
However, ureteral dilatation is usually not indicated for stric- 
tures caused by malignant lesions. 

As in all other percutaneous procedures for the urinary 
tract, percutaneous ureteral dilatation should begin with a 
PCN. Although lower-polar calyx is usually selected in PCN 
for external drainage, interpolar calyx is more suitable when 
ureteral dilatation is planned. A catheter with a slightly 
curved tip is advanced just above the stenotic lesion and con- 
trast material is injected for clear documentation of the 
stenosis. The stenotic lesion is negotiated, gently and care- 
fully so not to traumatize the ureter, with a proper catheter 
and guidewire set. The stenotic lesion is then dilated by pass- 
ing progressively larger caliber catheters, ureteral dilators, or 
inflating balloons with appropriate diameter and length. 
Usually, balloon catheters are used with a diameter of 
4-10 mm and a length of 3-4 cm. After dilatation, a ureteral 
stent, either internal or internal—external, is introduced and 
kept for 3-8 weeks to allow the ureter to heal without 
restenosis. 

Results of the percutaneous dilatation for benign ureteral 
strictures are variably reported. The average success rate is 
around 50%. Factors affecting the results of balloon dilata- 
tion are variable and include underlying causes, location, 
length, duration of strictures, and the presence or absence of 
associated vascular compromise. Strictures of shorter length 
and shorter duration have better responses than those of 
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longer length and longer duration. Old, densely fibrotic strictures 
associated with ischemia appear to be less responsive to dila- 
tation; for example, strictures after radical hysterectomy and 
radiation therapy, strictures at ureteroenteric anastomosis, 
and transplantation ureteral strictures. It had been thought 
that ureteral tuberculosis was prone to cause endarteritis 
obliterans causing ischemia implying that the condition may 
have poor response to balloon dilatation. However, in our 
experience, ureteral strictures treated with percutaneous dila- 
tion and ureteral stenting have yielded promising results. 


Percutaneous Suprapubic Cystostomy 


Percutaneous suprapubic cystostomy is a widely accepted 
technique for the treatment of patients who require prolonged 
urinary drainage. It can be performed for relieving bladder out- 
let obstruction secondary to benign prostatic hypertrophy or 
prostatic cancer, draining a nonfunctioning, neurogenic blad- 
der, keeping a perforated bladder decompressed, and diverting 
urine from a urethral injury or acute cystoprostatis with urinary 
retention. Various percutaneous suprapubic cystostomy tech- 
niques have been reported that can be performed either at the 
bedside, in the clinic, or in the operating room. Imaging guid- 
ance using fluoroscopy or sonography is helpful in complicated 
situations, particularly when the bladder is of small capacity, 
deformed by large diverticula or previous surgery, or displaced 
by pelvic masses. Direct insertion of a catheter—trocar combi- 
nation system is a simple and easy method. Seldinger tech- 
nique can also be used with insertion of a peel-away sheath 
preloaded on the dilator along the guidewire and followed by 
insertion of a preselected Foley catheter through the peel-away 
sheath into the bladder. Percutaneous suprapubic cystostomy is 
a preferred alternative to surgical cystostomy. 


Percutaneous Foreign Body Retrieval 


Various kinds of foreign bodies can be retrieved percutaneously 
from the urinary tract under the fluoroscopic guidance with- 
out an aid of nephroscope. Malpositioned or fractured ure- 
teral stent is the most commonly encountered foreign body 
in the urinary tract. Stones and fungus ball also can be 
removed percutaneously. Various devices and techniques for 
retrieval of foreign bodies in the urinary tract have been 
reported, including loop snares, baskets, and forceps. 


Percutaneous Catheter Drainage 


PCD for abdominal and pelvic fluid collection such as 
abscess, hematoma, urinoma, lymphocele, and PIC is a well- 
established technique. Infected renal cysts or tumors also can 
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be drained percutaneously. Basic techniques of puncture, 
guidewire insertion, tract dilatation, and a catheter placement 
are identical to those used in PCN. The size and type of 
drainage catheter should be selected depending on the nature 
of the fluid to be drained. 

Some pelvic fluid collections require an approach via 
transvaginal, transrectal, transperineal, or transgluteal routes. 
Puncture for transvaginal or transrectal PCD is performed 
under the guidance of endoluminal US. Sometimes it is dif- 
ficult to dilate the tract transvaginally or transrectally, but it 
can be performed by using a stiff guidewire or rigid dilators, 
or by support of an endoluminal US-guiding system. 


Sclerotherapy for Renal Cysts 


If a renal cyst appears benign and is symptomatic, it can be 
managed with a combination of percutaneous drainage and 
sclerotherapy. Simple aspiration of a renal cyst is associated 
with a high rate of recurrence (range, 30-80%). Various scle- 
rosing agents have been tried to reduce recurrence following 
drainage. Recently, absolute alcohol is most commonly used 
due to its rapid and strong sclerosing activity. 

Techniques and protocols for sclerotherapy of the renal 
cyst are variable, with the number of sclerosis and intervals 
between them also variable. It is usually recommended to 
insert a small pigtail catheter in the cyst to repeat injection of 
sclerosing agents until no significant amount of fluid drains 
from the cyst. Following insertion of a 6-8-F catheter, the 
cyst fluid is aspirated and contrast material is injected to 
evaluate the appearance of the inner wall of the cyst and to 
ensure that there is no communication between cyst cavity 
and pelvocalyceal systems. As much as possible contrast 
material is then removed and 25-50% of the cyst volume is 
replaced with absolute alcohol for 15-30 min. It is desirable 
to change the position of the patient every 5 min to allow 
entire surface of the inner wall of the cyst to contact with the 
sclerosing agent. Care must be taken not to overdistend the 
cyst, spilling sclerosing agent into the surrounding tissue. 
The procedure should be repeated daily or twice a day 
according to the amount of fluid drained. When the amount 
of drained fluid is less than 5 mL, the catheter is removed. 
The patient should be on follow-up with US or other imaging 
modalities. The procedure can be performed on two or more 
cysts simultaneously. 

If a cyst is infected, needle aspiration or PCD with antibi- 
otic therapy is usually enough and sclerotherapy is usually 
not indicated because infection per se has a very strong scle- 
rosing effect. If the cyst content is hemorrhagic, it is recom- 
mended to postpone sclerotherapy for several days to wait 
for the hemorrhagic drainage to clear and to confirm the 
absence of malignant cells on cytologic examination. 
The results of sclerotherapy for renal cysts are generally excellent. 
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Most papers have reported a 75-100% success rate following 
cyst drainage and sclerotherapy. 

This type of treatment is difficult in patients with auto- 
somal dominant polycystic kidney disease (ADPKD) because 
there are too many cysts into which catheters would be 
inserted. N-butyl cyanoacrylate (NBCA; Histoacryl-Blue; 
Braun, Melsungen, Germany), which has been used for 
sutureless closure of smooth and fresh skin wounds and for 
embolization of vascular lesions, has been tried for ablation 
of renal cysts in ADPKD. Our preliminary study found that 
the technique of renal cyst ablation using NBCA is simple 
and effective in reducing the volume of renal cysts in patients 
with ADPKD. It was 100% successful technically, 86% 
effective at symptom relief clinically, and 81% successful on 
imaging follow-up. These success rates were similar to those 
reported in previous studies using alcohol and other scleros- 
ing agents in the treatment of simple cysts in non-ADPKD. 


Sclerotherapy for Lymphocele and Peritoneal 
Inclusion Cyst 


Pelvic lymphocele, also known as lymphocyst, is a lymph-filled 
extraperitoneal space with no epithelial lining, caused by lym- 
phatic injury usually secondary to pelvic lymph node dissection. 
The incidence of lymphocele following lymph node dissection 
has been generally reported to be about 12-30%. Although sur- 
gical management of lymphocele, such as marsupialization, 
report success rates >90%, it is a more invasive procedure and 
compromised due to many patients having multiple medical 
problems. Sclerotherapy combined with PCD is described in 
many literatures with various agents, such as ethanol, povidone- 
iodine, tetracycline, doxycycline, bleomycin, talc, and glue. 
Simple aspiration of pelvic lymphocele results in a high recur- 
rence rate of up to 90%. With PCD, the recurrence rate decreases 
to 23% to approximately 50%. With a combination of scleros- 
ing agents with PCD, the success rate—including complete or 
partial resolution of a cyst—is between 80% and 100%. 

The protocols for sclerotherapy are variable according to vol- 
ume and drainage amount of lymphocele. Generally, it is recom- 
mended to insert a small 8—10-F pigtail catheter within the 
lymphocele to repeat injection of sclerosing agents. After inser- 
tion of catheter, fluid is aspirated as much as possible. The cavity 
is then filled with contrast agent to ensure that there is no leak or 
communication with an adjacent organ. Twenty-five percent to 
fifty percent of the volume of the drained fluid is replaced with 
povidone-iodine for 1 h or with absolute ethanol for 15-30 min. 
Periodic position change of patients is recommended to allow the 
entire surface of the inner wall of the lymphocele to contact with 
the sclerosing agent. When the amount of drainage is <5 mL to 
approximately 10 mL, the catheter is removed. 

When absolute ethanol is used, it is desirable to restrict 
maximum volume to 60-70 mL. If the tetracyclines are used 
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as sclerosing agents, the sclerotherapy is not repeated and 
sclerosing agents are removed approximately 1 h after instil- 
lation with catheter. If the lymphocele is infected, PCD with- 
out sclerotherapy is usually sufficient because infection has a 
very strong sclerosing effect. 

Peritoneal inclusion cyst (PIC)—also called peritoneal 
pseudocyst, entrapped ovarian cysts, or inflammatory cysts 
of the pelvic peritoneum—tepresents accumulation of perito- 
neal fluid due to peritoneal adhesions. The etiology of PIC 
includes peritoneal surgery, peritoneal inflammatory disease, 
endometriosis, or long-term peritoneal dialysis. Similar to 
lymphocele, povidone-iodine or ethanol is used for sclero- 
therapy. The basic techniques are identical to those of sclero- 
therapy for lymphoceles. The overall long-term success 
rate—including complete or partial resolution of PIC—was 
90% in a study. 


Minimally Invasive Image-Guided Ablation 
of Focal Tumor 


Local tumor removal has required major surgery. Recently, 
image-guided ablations of focal tumors have enabled mini- 
mally invasive tumor therapies. The potential benefits of these 
procedures, compared with conventional surgery, include 
reduced morbidity and costs, shorter hospital stays, renal func- 
tion preservation in case of renal tumor, and the possibility of 
treating tumors in nonsurgical candidates. Many different ther- 
mal energy sources, such as radiofrequency, microwave, laser, 
and US, have been used to induce image-guided percutaneous 
tumor ablation. Tumor destruction with these methods is 
achieved primarily by subjecting the entire tumor volume to 
cytotoxic temperatures, which have been demonstrated to be 
50-60*C. The size of the ablation depends on the type of elec- 
trode used or the number of overlapping treatments performed. 
High-intensity—focused ultrasound (HIFU) is an extracorporeal 
technique that treats tumors with a focused ultrasound wave 
that passes through the body to its target at a selected depth and 
is converted to heat energy. Cryoablation is the management of 
tumors using freezing techniques. Cell death is caused by direct 
freezing, cell dehydration, and ischemic hypoxia. These proce- 
dures are performed through a percutaneous puncture guided 
by imaging systems, or under direct vision during laparoscopic 
or open surgery. Ablation procedures using either heat or freez- 
ing are now used as alternatives to conventional surgery in the 
management of focal tumors in the genitourinary tract. 


Biopsies 


Biopsy of masses of the genitourinary tract can be performed 
by using various types of needles. Various types of biopsy 
guns have been developed for core biopsy, and they are more 
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commonly used than fine-needle aspiration biopsy in the 
genitourinary tract. Renal biopsy for confirmation of renal 
parenchymal disease can be done using a biopsy gun mounted 
with a 16-18-gauge needle. In renal biopsy, care should be 
taken not to traverse the central renal area because the risk of 
injury to large vessels is increased when the renal sinus is 
punctured instead of the peripheral renal cortex. 

Biopsy of pelvic lesions, including prostate, seminal tract, 
and gynecologic, is performed under the guidance of trans- 
abdominal or endoluminal US. Fluoroscopy-guided retro- 
grade brush biopsy has been advocated in patients suspected 
of having transitional cell carcinoma of the ureter or pelvoca- 
lyceal system, but this is not widely used now because of 
improvement in ureteroscopic devices. 
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29 Nonvascular Interventions of the Urinary Tract 


1. Percutaneous Nephrostomy and Nephrostolithotomy 


Fig. 1.1 Puncture of the pelvocalyceal system, which is the basic step 
in most interventional procedures of the urinary tract. A fine needle is 
inserted into the tip of the lower polar calyx and injection of contrast 
material shows normal urinary tract. Dilated pelvocalyceal systems are 
easily punctured with the guidance of US or fluoroscopy, but pelvoca- 
lyceal opacification by intravenous injection of contrast material may 
be helpful in puncturing nondilated systems 


Fig. 1.2 US guidance during PCN. US is generally used to select the 
initial puncture site and guide the entrance to the dilated pelvocalyceal 
system during PCN (arrow). After entrance to the pelvocalyceal system 
with US guidance, fluoroscopy is usually used to visualize the guide- 
wire and catheter manipulations. PCN can sometimes be performed 
only by US guidance in special circumstances, such as in pregnant 
women and children who must avoid radiation exposure 


Illustrations 
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F Techniques of PCN. (A) A 22-gauge needle is inserted into 
the right kidney under the guidance of US and/or fluoroscopy. Contrast 
material and air are injected (with the patient in a prone position) to 
identify the pelvocalyceal systems. Note that the needle tip is located in 
the calyx containing radiopaque contrast material (arrowheads), sug- 
gesting the anterior location of the calyx. (B) The needle is inserted 


again under fluoroscopy guidance into the tip of the posterior calyx 
containing air (arrowheads). (C) A guidewire is introduced into the 
pelvocalyces and ureter. (D) The tract is dilated over the guidewire up 
to 10-F. (E) A 10-F pigtail catheter is introduced into the renal pelvis. 
(F) The guidewire is removed and the nephrostogram is obtained 
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Fig. 1.3 (continued) 


Illustrations 
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i Various types of PCN catheters. (A) Various drainage cathe- 
ters are available. When selecting a nephrostomy catheter, it is impor- 
tant for it to achieve safe placement within pelvocalyceal system, 
effective drainage flow, and adequate retention strength to prevent inad- 
vertent dislodgement. Malecot wings and loop catheters are the most 
commonly used configurations of the nephrostomy catheter. (B) A 
nephrostomy tube was individually tailored to a patient with idiopathic 
retroperitoneal fibrosis. Renal sinus was diffusely infiltrated with retro- 


peritoneal fibrosis and renal pelvocalyceal systems are so narrowed that 
the usual pigtail-shaped catheter could not be accommodated in the pel- 
vis. Therefore, a Malecot catheter with multiple additional side-holes 
was used. (C) The self-retaining balloon catheter (as in a Foley cathe- 
ter) was used in a patient with renal tuberculosis. A balloon (arrow) at 
its tip inflated after insertion facilitates its retention in the renal pelvis. 
Note calyceal deformities with diffuse and uneven dilatation 
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Fig. 1.5 PNL of the left renal pelvis stone in a 21-year-old man. upper pole calyx for temporary drainage. (C) The tract was dilated, and 
(A) Plain radiograph shows a radiopaque stone in the left renal pelvis the stone was removed by using nephroscope. After stone removal, a 
(arrow). (B) A tract was made through the lower pole calyx and a sheath 16-F tapered nephroureterostomy catheter was introduced for the tam- 
was introduced through the stone (arrow) into the ureter (arrowheads). — ponade of the tract and healing of the ureteropelvic junction where the 
A nephrostomy catheter (curved arrow) was also introduced to the stone had been located 


Illustrations 


PNL for stones in a calyceal diverticulum in a 44-year-old 
woman. (A) US of the right kidney shows an echogenic stone with pos- 
terior sonic shadowing in the lower polar region (arrows). (B and C) 
Plain radiograph (B) and IVU (C) show a calyceal diverticulum con- 
taining stones (arrow) in the lower pole of the right kidney. (C) Calyceal 
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diverticulum was punctured and a guidewire was passed through the 
neck of the diverticulum into the renal pelvis and ureter. (D) Stone was 
removed and the neck of the diverticulum was dilated. (E) Follow-up 
IVU 1 year later shows disappeared calyceal diverticulum and normal- 
ized right urinary tract 
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2. Percutaneous Nephrostomy and Nephrostolithotomy: Complications 


Fig. 2.1 Nephrostomy catheter encrustation. (A and B) Recurrent 
blockage of indwelling nephrostomy catheters is a common problem. 
Blockage is frequently caused by the buildup of precipitated mineral 
deposits (i.e., encrustations) on the catheter surface. Note encrustation 
in the Malecot (A) and pigtail (B) drainage catheters. Nephrostomy 
catheters are typically exchanged every 3 months to prevent encrusta- 


tion and occlusion. (C) Sometimes the loop configuration of the pigtail 
nephrostomy catheter cannot be released when the locking string is 
locked by encrustation. A catheter with a locked loop can be removed 
by introducing a sheath over the catheter. The removed catheter in such 
a case shows encrustation on the catheter string (arrow) 


Illustrations 


Catheter displacement. Catheter displacement or dislodge- 
ment is the most common cause of catheter malfunction. Patients with 
nephrostomy catheter dislodgement may present with flank pain and/or 
decreased drainage output. (A) The tip of pigtail drainage catheter was 


placed in the renal pelvis at the time of initial catheter placement. 
(B) The catheter was displaced but the tip was within a lower polar 
calyx. (C) The catheter tip was repositioned into the renal pelvis under 
fluoroscopic guidance 
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Fig. 2.3 Reinsertion of nephrostomy catheter after an accidental 
removal of the catheter. Complete dislodgment requires reinsertion of a 
new catheter through the existing tract. Usually the remnant tract is 
opacified and the tract can be negotiated with a catheter and a floppy 
guidewire. (A) A small catheter is inserted at the skin opening (arrow) 
and a tortuous remnant tract is opacified. (B) A floppy guidewire is 
inserted into the renal pelvis 
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Fig. 2.4 Bleeding complications related to PCN. Axial contrast- 
enhanced CT shows perirenal hematoma (arrows) around the nephros- 
tomy catheter. Note another subcapsular fluid collection (arrowheads) 
in right kidney. It also might be related to the procedure of nephros- 
tomy. The perirenal/subcapsular hematoma was resolved uneventfully 


Illustrations 


Perirenal hematoma following catheter removal after percuta- 
neous nephrostolithotomy. (A) Post-PNL contrast-enhanced CT shows 
a large bore nephrostomy catheter (arrow) in the tract of PNL. The tube 
was supposed to favor renal healing and to achieve a good hemostasis 
of the nephrostomy tract. Note ureteral stents (arrowheads) in bilateral 
urinary tracts. (B) Immediate follow-up CT after removal of the cathe- 
ter shows a large perirenal hematoma (arrows). The nephrostomy tract 
is seen as a nonenhancing area (arrowheads) in the parenchyma of the 
lower pole of left kidney. There was no pseudoaneurysm or extravasa- 
tion of contrast media 
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Pseudoaneurysm formation after PCN. There was massive 
hematuria after nephrostomy and a selective right renal arteriogram 
shows a large pseudoaneurysm (arrow) near the entry site of the tube 
into the kidney 
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Severe bleeding after PNL treated with arterial embolization 
using coils. (A) Plain film shows a large stone in the right renal pelvis 
(arrow), as well as small calyceal stones. (B) IVU shows hydronephro- 
sis due to pelvic stone (arrow). Also note fine nodularities in the proxi- 
mal ureter (curved arrow) adjacent to the stone probably due to mucosal 
edema. (C) A percutaneous tract was created and a thin catheter was 
inserted into the ureter through the stone. The tract was then dilated and 


the stones were removed with nephroscopy. After the procedure, severe 
hematuria and perirenal bleeding required transfusion. (D and E) Right 
renal arteriograms in oblique projection in arterial (D) and nephro- 
graphic (E) phases show leak of contrast media through the tract for 
PNL (arrowheads) from an arterial branch to the lower pole. (F) The 
arterial branch causing bleeding was embolized with coils (arrows) and 
the patient recovered 
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Fig. 2.7 (continued) 
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3. Percutaneous Ureteral Interventions 


Fig.3.1 A 29-year-old man who had a ureteral stricture that developed 
after treatment of ureteral stone disease. (A) PCN was performed and a 
nephrostogram shows severe tortuosity of the distal ureter with stric- 
tures (arrows). (B) The lesion was too tortuous for a guidewire to pass 
through it. A 3-F microcatheter was used, and the lesion could be nego- 
tiated with a 0.016-in. floppy guidewire (arrow). (C and D) Once the tip 


of the microguidewire (arrowheads) was advanced into the urinary 
bladder (C), the tortuous ureter was straightened with meticulous torque 
control (D). (E) A 5-F catheter was advanced into the urinary bladder 
along the microcatheter system and then a 0.035-in. guidewire was 
inserted. (F) A 6-Fr 26-cm double-J ureteral stent was introduced along 
the guidewire after dilatation 
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Fig. 3.1 (continued) 
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Fig. 3.1 (continued) 


Illustrations 


Fig. 3.2 A 55-year-old woman who received ureteral injury during uret- leakage of contrast material (arrows) from the left distal ureter. (C and D) 
eroscopic procedure for ureteral stone. (A) A nondilated calyx was punc- A guidewire was then advanced into the urinary bladder. (E) A ureteral 
tured with the guidance of fluoroscopy. A small amount of contrast stent was inserted and was kept for 4 weeks 

material extravasation is seen (arrowheads). (B) Nephrostogram shows 
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Fig. 3.2 (continued) 


Illustrations 


Fig.3.3 Leak of urine at the anastomosis site of the ureter in a 30-year-old 
man who received renal transplantation | year earlier. (A) US of the trans- 
planted kidney shows dilated pelvocalyces (arrows) and a large amount of 
fluid collection (F) anterior to the transplanted kidney. (B) PCD was done 
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for the fluid collection around the transplanted kidney. (C) To heal the leak 
of urine at the anastomosis site, PCN was performed and the ureteral stent 
was inserted 


Fig. 3.4 Improved 
anastomotic stricture after 
percutaneous dilatation in a 
42-year-old man who 
underwent cystectomy and 
neobladder formation for 
congenital incontinence. 

(A) IVU 3 years after 
surgery shows severe 
hydronephrosis and 
hydroureter due to 
anastomosis stricture. 

(B and C) PCN was 
performed and the stricture 
was dilated by using serial 
dilators up to 10-F (B) and 
an 8-mm balloon (C). Note 
a small waist in the inflated 
balloon (arrow). (D) After 
dilation, an internal—external 
ureteral stent was introduced 
and kept for 8 weeks. 

(E) Follow-up IVU obtained 
4 years later shows relieved 
hydronephrosis and 
hydroureter of the right 
urinary tract 
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Fig. 3.4 (continued) 


Fig. 3.5 Percutaneous retrieval of proximal ureteral stone under fluo- 
roscopic guidance in a 68-year-old woman. He had a history of right 
renal pelvis tumor that was treated by right nephroureterectomy. (A) 
The bone-window setting of an axial image of noncontrast CT allows 
visual distinction between the ureteral stent (arrow) and stone (arrow- 
heads). (B) Antegrade pyelography shows a ureteral stone as a filling 
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defect (black arrow) in the proximal ureter. Note the proximal end of a 
double-J ureteral stent (white arrow). (C) The tract was dilated up to 
26-F and the stone was captured in the ureteral basket (arrow). (D) The 
stone (arrow) is captured and pulled at the tip of the sheath catheter. (E) 
Photograph of stone in the basket 


Illustrations 


Fig. 3.6 Bilateral ureteral occlusion to dry urine leak after Miles’ sur- 
gery for rectal cancer. Bilateral nephrostomy was performed and occlu- 
sion balloons were inflated in the ureters (arrows) 
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Fig. 3.7 Use of a cut internal—external ureteral stent to dry urine leak 
through vesicovaginal fistula that occurred after hysterectomy in a 
50-year-old woman. An internal-external ureteral stent was cut at prox- 
imal ureteral portion and was occluded with a heated needle holder. The 
cut internal-external stent was positioned in the renal pelvis and proxi- 
mal ureter. External drainage through this catheter effectively dried the 
urine leak 
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4. Percutaneous Ureteral Interventions: Complications 


Fig.4.1 Fractured ureteral stent in a 48-year-old woman with bilateral 
ureteral obstruction after myoma surgery. (A) Plain radiograph shows 
double pigtail ureteral stents in bilateral urinary tracts with proximal 
pigtails in the renal pelvises and distal pigtails in the bladder. (B) Plain 


radiograph taken 4 months after the insertion of the ureteral stents 
shows fractured stent in the left urinary tract. The distal portion of the 
stent was removed cystoscopically and the proximal two segments 
(arrows) were removed percutaneously 
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2 Fractured ureteral stent in a 36-year-old woman with recurrent 

uterine cervical carcinoma and ureteral obstruction. IVU 3 months after g. 4.3 Downward migration of a double pigtail ureteral stent in a 
the insertion of the ureteral stent shows fractured stent and poor opacifi- 51-year-old woman. Plain radiograph shows distally migrated stent 
cation of the left urinary tract. The distal portion of the stent was removed (arrows). The stent was removed and reinserted cystoscopically 
cystoscopically and the proximal segment was removed percutaneously 
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Fig. 4.4 Malpositioned distal portion of a double pigtail ureteral stent 
in a 45-year-old woman. Plain radiograph shows proximally migrated 
stent with folded distal portion (arrow) within the ureter 
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Fig. 4.5 Extraction of a double pigtail ureteral stent during nephros- 
tomy tube removal in an 87-year-old woman. (A) A pigtail catheter was 
placed in the nephrostomy tract after antegrade insertion of a ureteral 
stent. (B) Accidental dislodgement of the double-J stent occurred dur- 
ing removal of the nephrostomy tube at the ward. It occurs when the 
proximal J entangles with the coil of the pigtail catheter or the perfora- 


tions of the Malecot catheter. It is recommended that the removal should 
be carried out under fluoroscopic control to avoid inadvertent dislodge- 
ment of the stent. The proximal tip of the stent is located within the 
nephrostomy tract. (C) The stent was repositioned by passing a guide- 
wire through the lumen of the stent 


Fig. 4.6 Malpositioned distal portion of a double pigtail ureteral stent 
in a 55-year-old woman who received ureteral injury during laparo- 
scopic hysterectomy. (A) PCN was made and a nephrostogram shows 
luminal narrowing and irregularities at right distal ureter. The interven- 
tionist who performed this procedure thought that the faint opacifica- 
tion (arrows) at the level of symphysis pubis was the urinary bladder. 
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(B) A ureteral stent was placed in right urinary tract. (C and D) Contrast- 
enhanced CT images obtained immediately after insertion of the ure- 
teral stent show the distal pigtail of the ureteral stent (arrows) is located 
within the loculated fluid collection in the pelvic cavity. Asterisk indi- 
cates the urinary bladder 


Illustrations 


4.7 Percutaneous removal of malpositioned ureteral stent by double pigtail catheter. Note a safety guidewire (arrowheads). (B) 
using a three-pronged retriever. (A) A sheath was introduced through  Ureteral stent was captured by the three-pronged retriever (arrow). (C) 
the interpolar calyx with its tip (arrow) within the proximal loop of the Removal of the ureteral stent 
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5. Image-Guided Percutaneous Aspiration and Drainage 


Fig. 5.1 A small renal abscess treated with needle aspiration in a tip (arrow) of the needle is visualized within the abscess cavity (arrow- 
48-year-old woman. (A) Enhanced CT demonstrates a loculated cystic heads). The aspirate was purulent. (C) Follow-up CT scan at 2 months 
lesion (arrows) with irregular margin in left kidney. (B) The echogenic after needle aspiration shows completely normalized left kidney 
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Fig. 5.2 Renal abscess with perirenal extensions treated with catheter catheter was introduced into the abscess. (C) Follow-up CT scan after 
drainage in a 45-year-old man. (A) Enhanced CT demonstrates a low catheter drainage shows complete disappearance of the abscess. The 
attenuated, nonenhancing mass with thick, enhancing wall in left kid- small cyst is persistently seen 

ney. Note a small cyst (arrow) anterior to the abscess. (B) A pigtail 
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A 59-year-old woman with metastatic colon cancer. (A) CT 
scan showed a left subcapsular fluid collection with mass effect on the 
kidney. Left renal pelvis is dilated and metastatic lymphadenopathy is 
seen at paraaortic regions. (B) The fluid collection was punctured with 
a needle and a guidewire was passed in the fluid cavity. (C) Cavitogram 


A 


a 


obtained after insertion of a catheter shows no leakage or communica- 
tion with the pelvocalyceal system of the left kidney. (D) Follow-up CT 
taken 2 months after drainage shows completely disappeared subcapsu- 
lar fluid collection. Note metastatic lymph nodes (arrow) at the left 
paraaortic region and persistent left hydronephrosis 
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Fig.5.5 A 57-year-old woman who had pelvic abscess that developed 
after surgery. (A) Axial CT image demonstrates an air-containing pelvic 
fluid collection (arrows) in the rectum resection site. (B) Transperineal 
catheter insertion was done with a guidance of transperineal US and 
fluoroscopy 


Fig. 5.4 A 24-year-old woman who had pelvic abscess that occurred 
after cesarean section. (A) CT scan showed an abscess cavity (arrows) 
in the rectouterine pouch. There was no safe access route percutane- 
ously. (B) A 10-F pigtail catheter was inserted for drainage with guid- 
ance of transvaginal US 
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6. Sclerotherapy for Renal Cysts 


Fig. 6.1 PCD and sclerotherapy with alcohol for renal cyst in a was obtained to evaluate the inner wall of the cyst. Then sclerotherapy 
55-year-old woman. (A) Contrast-enhanced CT shows a large cyst was done with alcohol as described in the text. (C) The injected contrast 
(arrows) in left kidney. (B) Cyst content was aspirated, andacystogram media is completely aspirated through the catheter 


Illustrations 
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Fig. 6.2 A 52-year-old woman with a large parapelvic cyst causing 
left flank pain with compression of the pelvocalyces. (A) US of the left 
kidney in the longitudinal plane shows a large cyst (arrows) in the renal 
sinus region. The dilated calyces (arrowheads) are not differentiated 
from the parapelvic cyst on US. (B) IVU shows compression and dilata- 
tion of pelvocalyces due to a parapelvic cyst in the left kidney (arrows). 
(C) Antegrade pyelography by fine needle puncture after drainage of 


the parapelvic cyst by inserting a 7-F pigtail catheter shows partial reso- 
lution of the mass effect on pelvocalyces. (D) A cystogram shows a 
lobulated but smooth inner wall of the cyst. Sclerotherapy was then 
done with ethanol as described above in the text. (E) Follow-up IVU 
2 years after the sclerotherapy shows that the pelvocalyceal compres- 
sion on the left kidney also disappeared. (F) Follow-up US shows that 
the renal cyst disappeared completely 


» (continued) 
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A large obstructing parapelvic cyst treated with PCD and 
sclerotherapy with ethanol in a 43-year-old man. (A) Contrast-enhanced 
CT shows a large parapelvic cyst in the right kidney. (B) A 7-F pigtail 
catheter was inserted into the cyst and sclerotherapy was done with 
ethanol. (C) Follow-up US taken 4 months after sclerotherapy shows 
disappeared parapelvic cyst in the right kidney 
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g.6.4 A 51-year-old woman with multiple simple cysts treated with procedure shows the radiopacity (arrow) that represent mixture of NBCA 
NBCA and iodized oil. (A) Axial contrast-enhanced CT scan shows two and iodized oil in right kidney. (C) Follow-up CT scan 2 years after the 
abutting simple cysts in right kidney. Cyst ablation was performed for the procedure show collapsed cysts with a radiopaque material (arrow) sug- 
larger cyst (asterisk) in the right kidney. (B) A plain radiograph after the gesting the residual mixture of NBCA and iodized oil 
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A 36-year-old woman with ADPKD. (A and B) Axial con-  NBCA and iodized oil in right (C) and left (D) kidneys. (E and F) 
trast-enhanced CT scans show multiple cysts in both kidneys. Cyst Follow-up CT scans 3 years after the procedure show collapsed cysts 
ablation was performed for two cysts in right kidney and for two cysts (arrows) with mixture of NBCA and iodized oil. There is no evidence 
in left kidney (asterisk). (C and D) Antero-posterior radiographies after of reaccumulation of fluid in the ablated cysts 
the procedure show lobulated radiopacities that represent mixture of 
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7. Sclerotherapy for Pelvic Lymphocele and Peritoneal Inclusion Cysts 


Fig. 7.1 A 54-year-old woman who underwent systematic pelvic 
lymphadenectomy for ovarian cancer with a persistent lymphocele 
treated by ethanol sclerotherapy. (A) Axial CT image shows hypodense 
cystic structures with the thin regular wall in the parailiac region. (B) 


An 8.5-F pigtail catheter was inserted transabdominally. Sclerotherapy 
with absolute ethanol was performed after cystogram. (C) Contrast- 
enhanced axial CT image obtained 6 months after sclerotherapy shows 
that the cystic lesion in the right parailiac region has disappeared 


29 Nonvascular Interventions of the Urinary Tract 


Fig. 7.2 A 40-year-old woman who underwent total abdominal hysterec- 
tomy for adenomyosis 5 years earlier with a PIC treated by ethanol sclero- 
therapy. (A) A contrast-enhanced CT image shows a large, thin-walled 
cystic mass in the pelvic cavity. The left ovary (arrowheads) is eccentri- 
cally located and attached to the wall of the mass (arrow). (B and C) The 


catheter was inserted transvaginally due to an unsuitable transabdominal 
route. Note the echogenic tip (arrowhead) of the needle in the cystic pelvic 
mass on (B). (D) Follow-up US image obtained 3 months later shows that 
the cystic lesion in the pelvic cavity has disappeared. Note the normal left 
ovary (arrowheads) without surrounding fluid collection 
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Fig. 7.3 A 47-year-old woman who underwent total abdominal hys- 
terectomy for myoma 7 years earlier with a PIC treated by ethanol 
sclerotherapy. (A) A coronal reformatted CT image shows a large, 
thin-walled lobulated cystic mass (arrows) in the supravesical pelvic 
cavity. Asterisk indicates the urinary bladder. The left ovary (not 
shown) is eccentrically located and attached to the wall of the mass, 
with surrounding peritoneal adhesion. (B) An 8.5-F pigtail catheter 


was inserted into the lesion transabdominally. Cystogram before the 
sclerotherapy shows no extravasation of contrast media outside the 
cystic cavity and subsequently the patient underwent sclerotherapy 
with absolute ethanol. (C) Follow-up CT image obtained 2 months 
later shows complete resolution of the cystic mass without a percepti- 
ble remnant. Note bilateral ovaries (arrows) 
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8. Radiofrequency Ablation of Renal Cell Carcinoma 


Fig. 8.1 Sonography-guided percutaneous radiofrequency ablation of 
renal cell carcinoma in a 77-year-old man who had a history of right 
partial nephrectomy for renal cell carcinoma. (A) Contrast-enhanced CT 
scan obtained before radiofrequency ablation shows an enhancing solid 
tumor (arrow) in upper pole of left kidney. (B) Intra-ablation US image 
shows the bubble cloud (arrowheads) at the ablation site. (C) Contrast- 


enhanced CT scan obtained 2 days after radiofrequency ablation shows 
absence of enhancement (arrow) as consequence of complete necrosis 
after radiofrequency ablation. (D and E) Contrast-enhanced CT scans 
obtained 2 years (D) and 6 years (E) after radiofrequency ablation show 
that the ablated zone (arrow) shrunk remarkably without evidence of 
recurrence. Several cysts (arrowheads) are seen in the left kidney on (D) 
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A 40-year-old woman with von Hippel-Lindau disease and 
multiple renal masses who underwent radiofrequency ablation. (A and 
B) Contrast-enhanced CT scans show two small enhancing solid nod- 
ules (arrow) in lower pole of the left kidney. (C) Nonenhanced CT scan 


obtained with patient in prone position for radiofrequency ablation 
shows an electrode (arrowheads) insertion in the area of renal tumor. 
(D and E) On post-ablation contrast-enhanced CT scans, the completely 
treated tumors show no evidence of contrast enhancement (arrows) 


Fig. 8.3 Percutaneous radiofrequency ablation of renal cell carcinoma 
in a 60-year-old man with renal fusion anomaly. (A) Contrast-enhanced 
CT shows enhancing isthmus (white arrow) joining the two lower poles 
of a horseshoe kidney. Corticomedullary phase scan shows a small, 
hypervascular renal mass (black arrow) in the lower pole of the right 
kidney. (B) The mass is seen as a less-enhancing solid tumor (arrow) in 


29 Nonvascular Interventions of the Urinary Tract 


the lower pole of right kidney on excretory phase scans. (C) Contrast- 
enhanced CT scan obtained immediately after radiofrequency ablation 
shows that the ablated zone covers the renal mass completely with 
absence of enhancement. (D) Contrast-enhanced CT scan obtained 
4 years after radiofrequency ablation shows no tumor enhancement and 
progressive shrinkage of the treated lesion (arrow) 
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9. Biopsy 


Fig. 9.1 Sonography-guided nonfocal renal biopsy. Longitudinal US 
scan of a native kidney shows biopsy needle (arrowheads) entering the 
lower pole cortex. The procedure is performed with the patient in the 
prone position 


Fig. 9.2 A 64-year-old woman who underwent chemotherapy for 
advanced cervical cancer with a suspicious recurred cervical mass on 
follow-up image. (A) Sagittal T2-weighted MR image shows a suspi- 
cious focal mass (arrow) of intermediate signal intensity in uterine cer- 
vix. (B) A transvaginal sonography-guided biopsy image shows a 
needle tract (arrowhead) entering the hypoechoic mass (arrow) in uter- 
ine cervix. Biopsy revealed invasive squamous cell carcinoma 
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CT-guided biopsy of the enlarged retroperitoneal lymph node 
in a 68-year-old woman who had a history of surgery for endometrial 
cancer. (A) Contrast-enhanced CT scan shows enhancing, solid mass 
(arrow) at paraaortic region. Left hydronephrosis is also seen. (B) CT 
image obtained with patient in the prone position at biopsy shows a 
cannula (arrow) of a previously placed needle. Biopsy was performed 
by inserting an 18-gauge semi-automated core biopsy gun with needle 
throw of 2 cm through the cannula. The aortic wall is faintly seen 
(arrowheads). The sample demonstrated metastatic carcinoma 
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4 Percutaneous transhepatic biopsy of a metastasis to the right 
adrenal gland in a patient who underwent left nephrectomy for renal 
cell carcinoma. (A) Contrast-enhanced CT image shows an enhancing 
nodular lesion (arrow) in the right adrenal gland next to the inferior 
vena cava. (B) The biopsy was performed with a transhepatic approach 
and coaxial biopsy technique. Fine-needle aspiration was performed 
with a 22-gauge inner needle directed through the cannula of a previ- 
ously placed 19-gauge needle. Arrowhead indicates where the 22-gauge 
needle exits the tip of the 19-gaugecannula. The tip of the 22-gauge 
needle is within the right adrenal mass. The sample demonstrated meta- 
static renal cell carcinoma 


Renovascular Interventions 


30 


Introduction 


Young Soo Do and Jin Wook Chung 


In renal artery stenosis or obstruction, radiologic interventions 
are important treatment options to cure or improve renovas- 
cular hypertension or renal insufficiency and to prevent pro- 
gression of renal artery stenosis to complete occlusion. 
Causes of renal artery stenosis and characteristics of lesions 
affect the results of renal PTA. Fibromuscular dysplasia, 
especially medial fibroplasia type, shows the best results for 
percutaneous transluminal angioplasty. In an atherosclerotic 
renal ostial lesion, balloon angioplasty alone is inefficient 
and primary stenting can be indicated. latrogenic or trau- 
matic renal injuries, renal artery aneurysms, arteriovenous 
fistulas, vascular malformations, and renal neoplasms can be 
effectively managed by renal artery embolization using ade- 
quate embolic materials. 


Vascular Intervention for Renal Artery Stenosis 


Renovascular hypertension is potentially curable by surgery, 
such as nephrectomy, autotransplantation, or bypass graft, 
or, more recently, by radiologic intervention, such as percu- 
taneous transluminal angioplasty (PTA), intravascular stent 
placement, and embolization. The purposes of renal revascu- 
larization procedure are to cure or improve renovascular 
hypertension or renal insufficiency due to renal artery steno- 
sis and to prevent the progression of renal artery stenosis to 
complete occlusion. However, the indication for renal artery 
stenting, especially in atherosclerotic ostial renal artery 
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stenosis, is still a matter of debate due to the still-unproven 
benefit of renal revascularization compared with the best 
medical therapy. Optimal medical treatment should be the 
preferred option for most patients with atherosclerotic renal 
artery stenosis. Renal PTA or stent should be considered a 
treatment option in patients with rapid progressive hyperten- 
sion or deterioration of renal function during medical treat- 
ment and flash pulmonary edema. 

Although luminal narrowing of 60-70% or higher on 
direct angiography is generally considered significant steno- 
sis, it is important to determine the physiologic or hemody- 
namic significance of renal artery stenosis. Captopril renal 
scan, renal vein renin sampling, Doppler US, and direct mea- 
surement of the trans-stenotic pressure gradient are currently 
used for this purpose. However, none of these is absolutely 
sensitive or specific in predicting the outcome of PTA or stent 
placement. They have their own advantages and limitations. 

In the technique of renal PTA, hydration of the patient 
before, during, and after the procedure is essential because 
renal insufficiency due to contrast material is the most com- 
mon complication. In patients with compromised renal func- 
tion, carbon dioxide can be used for angiographic evaluation. 
Before PTA, blood pressure should be controlled by angio- 
tensin-converting enzyme inhibitors. Aspirin and an anti- 
platelet agent are started 1 day before the procedure and 
continued for 3-4 months after the procedure. After insertion 
of an arterial sheath, 3,000-5,000 IU of heparin are adminis- 
tered intravenously. To reduce or prevent arterial spasm dur- 
ing the procedure, 20 mg of nifedipine can be administered 
sublingually just before the procedure. A guiding catheter 
can facilitate guidewire passage, balloon catheter position- 
ing, and post-PTA angiographic evaluation with the guide- 
wire crossing the lesion in place. The key step during stenting 
of atherosclerotic renal artery stenosis is the placement of the 
guiding catheter or the cannulation process of the renal artery 
origin with a diagnostic catheter. During this maneuver, 
much debris can be scraped from the aortic wall. To avoid 
embolism during this step, the “no-touch” technique should 
be used, or at least before the first dye injection. Protected 
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renal stenting is recommended. Beneficial outcomes using 
different protection devices during renal stenting were 
reported from single center registries. However, until now, 
there have been no dedicated protection devices for renal 
use. Selecting the proper-sized balloon is critical for the 
safety and effectiveness of PTA. Usually, about a 10% over- 
sized balloon catheter is used for effective dilation. 

The Society of Cardiovascular and Interventional 
Radiology has defined the criteria for technical and clinical 
success. Technical success is usually defined as the substan- 
tial relief of stenosis with residual stenosis less than 20%. 
Clinical results can be assessed by the effect on blood pres- 
sure and improvement of renal function. The patient should 
be assessed 6 months after PTA. Patients are considered 
cured of hypertension if the diastolic blood pressure is less 
than 90 mmHg without antihypertensive medication. 
Improvement is defined as diastolic blood pressure (1) less 
than 90 mmHg with administration of equal or reduced doses 
or (2) greater than 90 but less than 110 mmHg, with at least 
a 15 mmHg decrease from measurements obtained before 
PTA while the patient was receiving a similar or decreased 
medication regimen. Improvement in renal function is 
defined as a decrease in serum creatinine to normal levels or 
20% below levels obtained before PTA. 

Causes of renal artery stenosis and characteristics of lesions 
affect the results of renal PTA. Atherosclerotic lesions are usu- 
ally found at the ostium or proximal third of the renal artery as 
a part of diffuse major arterial disease; they may be compli- 
cated by medial dissection and subintimal hemorrhage, calci- 
fication, or atheromatous emboli; and they tend to be eccentric. 
Fibromuscular disease tends to occur in young women and 
involves the more distal main renal artery and branch vessels. 
According to subtypes of fibromuscular dysplasia, angio- 
graphic findings can be different. Medial fibroplasia is the 
most common subtype and the pattern of alternating stenosis 
and aneurysm formation produces the characteristic “beaded” 
appearance. The other subtypes may appear as nonspecific 
arterial stenosis. Takayasu arteritis is a chronic, idiopathic, 
inflammatory disease that affects the aorta and pulmonary 
arteries and major aortic branches. It primarily involves the 
aorta; therefore, its renal artery involvement usually manifests 
as a smooth narrowing of the proximal third of the renal artery. 
There is also a strong female preponderance. 

Fibromuscular dysplasia shows the best results for PTA. 
About 40% of patients with fibromuscular dysplasia are cured 
after PTA and an additional 409 are improved in blood pressure 
control. In atherosclerotic renal artery stenosis, short, nonostial, 
and concentric lesion without calcification is best suited for 
PTA. Reportedly, 10-20% of patients with atherosclerosis are 
cured after PTA and an additional 40-70% are improved in 
blood pressure control. In Takayasu arteritis, although small 
series are reported, the results of PTA seem promising. Reported 
complications of renal PTA are deterioration of renal function, 
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puncture site hematoma or pseudoaneurysm, renal artery spasm, 
dissection, thrombosis, and perforation. 

Renal artery stent placement is indicated when PTA 
results in elastic recoil with residual stenosis greater than 
30-50% and a trans-stenotic gradient greater than 20 mmHg 
or dissection with flow-compromising intimal flap. In an ath- 
erosclerotic renal ostial lesion, renal artery stenosis is fre- 
quently caused by atherosclerotic plaque of the aorta 
encroaching its origin. In such circumstances, ballooning 
alone is inefficient and primary stenting can be indicated. 
Because the stent must be as short as possible, accurate 
placement is very important. A balloon-expandable stent is 
usually recommended for precise deployment. 

The primary advantages of stent placement over PTA are 
higher initial technical success rate and larger initial lumi- 
nal diameter. In a randomized comparative study, primary 
6-month patency rate in primary renal artery stenting (80%) 
was significantly higher than that in PTA (34%). The pri- 
mary concern for stent placement is restenosis due to intimal 
hyperplasia. Restenosis was found in 11-33% of patients 
with a mean follow-up of 6 months to 2 years. Various strat- 
egies to prevent or reduce post-stent or post-PTA resteno- 
sis, including intravascular brachytherapy and drug-eluting 
stents, are under investigation. 


Renal Artery Embolization 


The most frequent indication for renal artery embolization 
is renal injuries, either traumatic or iatrogenic in origin. 
Iatrogenic conditions that are complications of surgical or 
interventional procedures include renal biopsy, percutaneous 
nephrostomy, nephrostolithotomy, partial nephrectomy, and 
angiographic procedures. Arteriography may show extravasa- 
tion, arteriovenous fistula (AVF) with early draining vein, and 
pseudoaneurysms with delayed washout as evidence of vas- 
cular injury. Such findings indicate a need for embolization. 

Renal aneurysms, arteriovenous fistulas, and vascular 
malformations can be managed with transcatheter emboliza- 
tion. Percutaneous renal ablation can be an alternative to sur- 
gical nephrectomy in patients with end-stage renal disease 
who present with uncontrollable hypertension, intractable 
pain, severe proteinuria or bleeding, and in those who are 
poor operative candidates. 

In renal neoplasms, renal artery embolization can play a 
role in the following circumstances: prenephrectomy or pre- 
radiofrequency ablation infarction of renal tumors, palliation 
of unresectable renal malignancy (to relieve symptoms such 
as pain, polycythemia, hypercalcemia, and congestive heart 
failure, to inhibit tumor growth and reduce tumor burden, 
and to stimulate an immune response), and prevention and 
treatment of acute tumor hemorrhage. Prenephrectomy 
embolization is still a matter of controversy. In a retrospective 
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study, overall 5-year survival for patients who underwent 
prenephrectomy embolization is reported to be significantly 
longer than that for patients with nephrectomy alone (62% vs 
35%, respectively). However, more recently, prenephrec- 
tomy embolization failed to demonstrate survival benefit. 
Most reported survival times of patients after palliative 
embolization for renal cell carcinoma ranges between 4 and 
11 months depending on tumor stage. In our experience of 
transcatheter arterial embolization of unresectable renal cell 
carcinoma with a mixture of ethanol and iodized oil, the 
median survival period was 23 months in 10 patients with 
stage III, and 7 months in 15 patients with stage IV tumor. In 
patients with angiomyolipomas, prophylactic embolotherapy 
may be considered when the tumor is larger than 4 cm or an 
aneurysm larger than 5 mm in diameter is seen in the tumor. 

Embolic materials for renal embolization include gelatin 
sponge particles, stainless coils, microcoils (detachable or 
not), polyvinyl alcohol particles, calibrated microspheres, 
vascular plugs, and liquid embolic materials of glue and abso- 
lute ethanol. Appropriate embolic materials should be chosen 
depending on lesion characteristics and the purpose of embo- 
lotherapy. In iatrogenic renal injuries, the method of choice is 
superselective embolization of damaged small renal arteries 
with use of microcatheters and microcoils that enables cessa- 
tion of bleeding without damaging the surrounding renal 
parenchyma. Vascular plugs can be considered in the occlu- 
sion of a single large feeder of simple arteriovenous fistula. 
Nidus of arteriovenous malformation can be targeted by glue 
and ethanol. Absolute ethanol is used in embolotherapy for 
renal tumors and renal parenchymal ablation. When absolute 
ethanol is selected as an embolic material, every effort should 
be made to prevent reflux and unintentional nontarget embo- 
lization. Balloon occlusion technique and adequate opacifica- 
tion of absolute ethanol with contrast media are usually 
recommended. In renal angiomyolipoma, absolute ethanol 
opacified with iodized oil can be superselectively delivered to 
the tumor feeding arteries under fluoroscopic control to pre- 
serve normal renal parenchyma. 
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1. Renal PTA in Fibromuscular Dysplasia 


1.1 Successful balloon angioplasty for bilateral fibromuscular dys- 
plasia in a 27-year-old woman. (A) Abdominal aortogram shows severe 
focal and segmental stenosis of both renal arteries. (B) Left renal arterio- 
gram shows severe focal stenosis of the midportion of the left renal 
artery with collateral vessels (arrow). (C) Right renal arteriogram shows 
segmental stenosis of the midportion of the right renal artery. (D) Balloon 
angioplasty was performed in both renal arteries with a 5-mm balloon 


catheter. (E) Completion abdominal aortogram shows successfully 
dilated both renal arteries. No remained collateral vessels are observed 
in the left renal artery. Clinical cure of hypertension was achieved after 
angioplasty. In interpreting selective arteriogram of the stenotic renal 
artery, the presence of collateral circulation should be considered. After 
successful PTA, collateral circulation should disappear 


Illustrations 
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J. 1.2 Renal PTA in fibromuscular dysplasia: second PTA after recur- 
rence in a 27-year-old man. (A) Right renal angiogram shows a beaded 
stenosis in the midportion of the right renal artery. (B) Angioplasty was 
performed with a 6-mm balloon catheter. (C) Angiogram after angio- 
plasty shows successful dilatation of the renal artery without residual 
stenosis. Clinical cure of hypertension was achieved after angioplasty. 
(D and E) Follow-up CT angiogram and right renal angiogram obtained 


28 months later show focal restenosis of the right renal artery (arrow). 
Atthat time, there was a sudden elevation of blood pressure. (F) Angiogram 
after angioplasty shows successful dilatation of the renal artery without 
residual stenosis. Clinical cure was achieved again. (G) Follow-up CT 
angiogram obtained 4 years later shows no evidence of recurrence. 
Performing a secondary PTA for restenosis of renal arteries due to medial 
fibroplasia also shows good technical and clinical outcomes 


1304 30 Renovascular Interventions 


Fig. 1.2 (continued) 


Illustrations 


2. Renal PTA in Takayasu Arteritis 


2.1 Successful long-term result of PTA of the right renal artery in 
a 16-year-old girl with Takayasu arteritis. (A) Abdominal aortogram 
shows segmental narrowing of the right renal artery. (B) Angioplasty 
was performed with a 5-mm balloon catheter. (C) Abdominal aorto- 
gram immediately after PTA shows dilated renal artery with localized 


dissection at the origin of the right renal artery (arrow). (D) CT angio- 
gram obtained 2 years later shows patent right renal artery without rest- 
enosis. (E) Follow-up CT obtained 6 years after initial PTA shows 
patent right renal artery 
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Fig. 2.2 Renal stent placement in Takayasu arteritis: total occlusion during 
follow-up in a 26-year-old man with Takayasu arteritis. (A) Abdominal 
aortogram shows segmental stenosis of the origin of the right renal artery. 
(B) Angioplasty was performed with a 5-mm balloon catheter. (C) Right 
renal angiogram after angioplasty shows flow limiting dissection of the 
origin of the right renal artery (arrow). (D) Balloon-expandable stent was 
inserted at the dissected renal artery. (E) Completion renal angiogram 
shows patent right renal artery. (F and G) Right renal angiogram obtained 
20 months later shows near complete occlusion of the origin of the right 
renal artery with contracted kidney. Left renal angiogram at that time shows 


new tight segmental stenosis of the midportion of the left renal artery. 
(H) Left renal angiogram after balloon angioplasty shows dilated left renal 
artery with residual stenosis. Because there was contraction in the right 
kidney, another intervention was not attempted at that site. (I and J) One- 
year and 7-year follow-up CT angiograms show complete occlusion of the 
right renal stent and patent left renal artery. To reduce dissection after PTA 
in Takayasu arteritis, it is recommended to use a balloon catheter smaller 
than normal vessel size. The long-term result of renal stent placement in 
active stage of Takayasu arteritis is worse than that of balloon angioplasty 
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Illustrations 
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3. Renal PTA in Postoperative Stenosis of Aortorenal Bypass Graft 


Fig. 3.1 PTA of postoperative stenosis of aortorenal bypass graft in a 60-year-old man. (A) Left renal angiogram shows severe focal stenosis at 
the anastomotic site of aortorenal bypass graft. (B) After angioplasty, completion renal angiogram shows successful dilatation of the stenosis 


Illustrations 


4. Renal Stent Placement in Atherosclerosis 
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Fig. 4.1 Renal stent placement in a 69-year-old man with atherosclero- 
sis and azotemia. (A) Abdominal aortogram using 40 mL of carbon 
dioxide (CO,) as a contrast agent shows bilateral renal artery stenosis. At 
that time, the serum creatinine level was 2 mg/dL. (B) CO, angiogram 
after stent placement at the left renal artery shows patent left renal artery 


and stenosis of the right renal artery. (C) Completion CO, abdominal 
aortogram after stent placement shows dilatation of both renal arteries 
without residual stenosis. In this case, CO, was used as a contrast agent 
to reduce the risk of contrast medium—induced nephrotoxicity 


Fig. 4.2 Renal stent placement: “no-touch” technique to reduce embo- 
lism in a 63-year-old man. (A and B) CT angiogram and abdominal aor- 
togram show focal stenosis at the proximal portion of the left kidney. 
(C) By placing a 0.035-inch guidewire (arrow) within the guiding cath- 
eter during cannulation of the left renal artery, we minimize the contact 
between the guiding catheter and atherosclerotic abdominal wall plaques 
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and reduce the potential for cholesterol embolism. (D) A balloon-expand- 
able stent was inserted at the stenotic portion of the left renal artery. 
(E) Completion left renal angiogram after stent placement shows patent 
left renal artery without residual stenosis. (F) CT angiogram obtained 
1 year later shows patent renal stent without in-stent restenosis 


Illustrations 


Fig. 4.3 Renal stent placement: filter wire to prevent embolism in a 
single kidney in a 69-year-old man with a single kidney. (A) Abdominal 
aortogram shows focal stenosis at the proximal portion of the single 
right kidney. (B) A filter wire (arrow) was inserted in the middle portion 
of the right renal artery to protect from distal embolism during stent 
placement. (C) A balloon-expandable stent was inserted at the stenotic 
renal artery under the protection of the filter wire. (D) Completion renal 
angiogram shows patent right renal artery. Particles were not captured in 
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the filter wire in this case. Despite high technical success rate and pat- 
ency of stents, the benefits of the procedure are often limited by a 
20-40% incidence of acute deterioration in renal function. The etiology 
of the acute injury to the kidney was believed to be due to possible rep- 
erfusion injury, contrast induced nephropathy, or atheroembolism. CO, 
angiogram, “no-touch” technique, and distal protection devices have 
been used to reduce these complications 
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5. In-Stent Restenosis and PTA 
wx 


I 


0 


j 


Fig.5.1 PTA for in-stent restenosis in a 73-year-old man. (A) Completion stent. There was no in-stent restenosis in the right renal stent. (C) Balloon 
abdominal aortogram after bilateral renal stent placement shows both angioplasty was performed with a 6-mm balloon catheter. (D) Completion 
patent renal arteries without residual stenosis. (B) Left renal angiogram angiogram shows patent left renal stent 

obtained 7 months later shows 50% in-stent restenosis in the left renal 


Illustrations 


6. Renal Embolotherapy for latrogenic Arteriovenous Fistula or Pseudoaneurysm 


Fig. 6.1 Renal embolotherapy for hematuria after renal biopsy in a (B) AVF was confirmed by super-selective angiogram with microcathe- 
55-year-old woman. (A) Right renal angiogram shows early filling of the ter. (C) AVF was embolized with microcoils. (D) Postembolization renal 
renal vein (arrow) at the lower pole of the kidney, suggesting AVF. angiogram shows focal parenchymal defect and disappearance of AVF 


Fig.6.2 Renal embolotherapy for hematuria after partial nephrectomy 
in a 59-year-old-man. (A and B) Left renal and selective angiogram 
show two pseudoaneurysms with early draining vein (arrow) at the 
lower and mid pole of the left kidney. (C) The pseudoaneurysms were 
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embolized with microcoils. (D) Completion arteriogram shows nonvi- 
sualization of the pseudoaneurysms and maintained perfusion of the 
renal parenchyma 
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7. Renal Embolotherapy for Aneurysm 
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Fig. 7.1 Renal embolotherapy for an asymptomatic aneurysm in a portion of the lower segmental artery. (D) The aneurysm was embolized 
52-year-old man. (A) CT shows a 1.9 cm-sized aneurysm (arrow) at the with multiple detachable coils and microcoils. (E) Completion angio- 
mid portion of the left kidney. (B) Selective renal angiogram shows the gram shows successful exclusion of the aneurysm without parenchymal 
aneurysm at the lower segmental artery. (C) Three-dimensional angio- defect 

gram shows the eccentric aneurysm with its broad neck at the proximal 
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8. Renal Embolotherapy for Arteriovenous Malformation 


Fig. 8.1 Renal embolotherapy for growing arteriovenous malforma- 
tion (AVM) in a 51-year-old woman. (A) The venous aneurysm (arrow) 
in the renal pelvis was enlarged twice in length during 2 years CT fol- 
low-up. (B and C) Arterial and venous phases of the left renal angio- 
gram show multiple tortuous feeding arteries draining to the venous 
aneurysm (arrow), suggesting renal AVM. (D) Selective angiogram 
shows multiple feeding arteries draining to the enlarged venous 


aneurysm (arrow). (E) Selection of multiple arterial feeders was not 
possible and transvenous selection of the venous aneurysm failed. With 
the patient in the prone position, we punctured the venous aneurysm 
with an 18-gauge needle and then inserted multiple coils in the venous 
aneurysm. (F) Completion angiogram shows complete obliteration of 
the renal AVM 
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Illustrations 


8.1 (continued) 


Fig 
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9. Renal Embolotherapy for Autosomal Dominant Polycystic Kidney Disease 


Fig. 9.1 Renal embolotherapy to reduce the mass effect of autosomal  interlobar arteries by the cysts. (C) Left renal artery was embolized with 
dominant polycystic kidney disease in a 55-year-old man. (A) CT shows  microcoils to reduce the volume. (D and E) Two months later, right renal 
enlargement in both kidneys with multiple simple and hemorrhagic cysts artery was embolized with coils. (F) One-year follow-up CT shows 
(arrow). (B) Left renal angiogram shows stretched segmental and markedly reduced volume in both kidneys after embolotherapy 
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Fig. 9.1 (continued) 
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10. Renal Embolotherapy for Benign and Malignant Tumors 


Renal embolotherapy using PVA particles and absolute eth- selective left renal arteriogram, and left lumbar arteriogram show a 
anol j in an 84-year-old woman with advanced renal cell carcinoma. huge hypervascular mass replacing the entire left kidney. PVA particles 
(A) CT scan shows a large mass replacing the entire left kidney with and 5 mL of absolute ethanol were infused through a microcatheter. 
invasion of the inferior vena cava. (B-D) Abdominal aortogram, (E) Completion abdominal aortogram shows no tumor vascularity 
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Fig. 10.1 (continued) 
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Fig. 10.2 Embolotherapy for renal angiomyolipoma in a 54-year-old 
woman. (A) CT scan shows a large left renal mass containing fatty 
components. (B) Left renal arteriogram shows hypervascular mass at 
the upper part of the left kidney with multiple aneurysms in the tumor 
vessels. (C) The tumor feeding segmental branch was selectively cath- 


eterized with a microcatheter and embolotherapy was performed by 
infusing 13 mL of absolute ethanol-ethiodized oil mixture. (D) 
Completion renal arteriogram shows disappeared tumor vessels and 
preserved normal renal parenchyma. (E) Follow-up CT scan obtained 
8 months later shows a markedly shrunken tumor 
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Acquired cystic disease, 297, 333, 334 
Acute bacterial prostatitis (ABP), 832, 
877-878 
Acute intermittent porphyria, 507 
Acute pyelonephritis, 1208, 1212-1214 
CT findings, 401-403 
emphysematous, 394-395, 409-410 
hematogenous origin, 404 
IVU findings, 398 
pyonephrosis, 395, 411 
renal abscess, 405-408 
renal and perirenal abscesses, 394 
uncomplicated, 393-394 
US and Doppler US findings, 399-400 
Acute rejection, 1184, 1191-1194 
Acute tubular necrosis, 1181, 1190 
Adenocarcinoma 
mucinous prostate, 870-871 
urinary bladder, 749 
urothelial tumors, 257, 282, 283 
Adenoma 
adrenohepatic tissue, 1152 
benign lesions, adrenal gland, 1122 
benign renal tumors, 106-107, 129-130 
lipid-poor, 1119, 1132-1133 
Lipid-rich, 1119, 1131, 1134-1135 
Adrenal gland 
adenoma, adrenohepatic tissue, 1152 
asymptomatic calcified mass, 1150-1151 
benign lesions 
adenoma, 1122 
adrenohepatic fusion, 1122 
cysts, 1121, 1126-1127 
ganglioneuroma, 1122, 1141-1144 
hemorrhage, 1121, 1128 
hyperplasia, 1121-1122, 1129-1130 
infection, 1121 
myelolipoma, 1122, 1140 
pheochromocytoma, 1122, 1138-1139 
computed tomography 
absolute and relative wash-out rates, 1120 
functioning adrenal masses, 1121 
histogram analysis, 1120 
lipid-poor adenoma, 1119, 1132-1133 
lipid-rich adenoma, 1119, 1131, 1134-1135 
magnetic resonance imaging (MRI), 1120 
positron emission tomography, 1120-1121 
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incidentaloma, 1119, 1153 
malignant lesions 
adrenocortical carcinoma, 1123, 1145-1146 
lymphomas, 1123, 1149 
metastasis, 1123, 1136-1137, 1147-1148 
ultrasonography, 1119 
Adrenal tuberculosis, 426, 458-459 
Adrenohepatic fusion, 1122 
American Association for the Surgery of Trauma 
(AAST), 1157, 1162 
Amyloidosis 
renal infarction, 672 
renal parenchymal disease, 494, 505 
Analgesic nephropathy, 471 
Angiography 
renal parenchymal disease, 493 
renal trauma, 1158 
Angiomyolipoma 
atypical findings 
epithelioid, 121, 122 
minimal fat, 118-121 
description, 105-106 
postembolization changes, 127-128 
renal cystic diseases, 329 
retroperitoneal hemorrhage, 124-126 
tuberous sclerosis, 123-124 
typical findings 
color Doppler US findings, 113 
exophytic, 110-112 
hyperechoic mass, 117 
intratumoral flow signals, 114 
mixed fatty and nonfatty components, 115 
predominant fatty component, 115 
scanty fatty component, 116 
US findings, 113 
Arteriovenous malformation (AVM). See Renal arteriovenous 
malformation 
Autonephrectomy, 442-444 
Autosomal dominant polycystic kidney disease (ADPKD) 
contrast-enhanced CT scan, 325 
description, 295-296 
hemorrhage, 326 
infection, 327 
lesions, 328-329 
nonvascular interventions, urinary tract, 1246 
Autosomal recessive polycystic kidney disease (ARPKD) 
pediatric renal masses, 340, 363-366 
renal cystic diseases, 296 
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B 
Ball pyelogram, obstructive uropathy, 598, 606 
Benign lesions, adrenal gland 
adenoma, 1122 
adrenohepatic fusion, 1122 
cysts, 1121, 1126-1127 
ganglioneuroma, 1122, 1141-1144 
hemorrhage, 1121, 1128 
hyperplasia, 1121-1122, 1129-1130 
infection, 1121 
myelolipoma, 1122, 1140 
pheochromocytoma, 1122, 1138-1139 
Benign prostatic hyperplasia (BPH), 875-877 
abscesses, 879-880 
acute bacterial prostatitis (ABP), 832, 877-878 
chronic bacterial prostatitis (CBP), 832, 868-869, 881-882 
chronic nonbacterial prostatitis, 832 
granulomatous prostatitis, 833, 868, 883 
MR imaging, 832-833 
voiding symptoms, 831 
Benign renal tumors 
adenoma, 106-107, 129-130 
angiomyolipoma 
atypical findings, 118-122 
description, 105-106 
postembolization changes, 127-128 
retroperitoneal hemorrhage, 124-126 
tuberous sclerosis, 123-124 
typical findings, 110-117 
juxtaglomerular cell tumor/reninoma, 107 
multilocular cystic nephroma, 107, 134-137 
oncocytoma, 107, 131-133 
parenchymal tumors, 138-144 
renal hemangioma, 107 
renal leiomyoma, 107 
renal medullary fibromas, 107 
solitary fibrous tumor, 107 
stromal tumor, 107 
Wunderlich syndrome, 106 
Benign urothelial tumor, 287 
Bilateral multiple RCC, 187-190 
Bilateral renal agenesis, 55 
Bladder tuberculosis, 455-456 
Bladder tumor, 617 
Bosniak category, renal cyst 
category II, 313, 314 
category IIF, 315 
category III, 318-319 
category IV, 320-321 
classification, 295 
contrast-enhanced US, 324 
CT, 322 
MRI, 322 
US, 322 
Bricker procedure, urinary bladder, 727 
Bronchogenic cysts, 1040 
Brust biopsy, urothelial tumors, 290 


C 
Calcium stones 
DECT, 573 
urolithiasis, 554, 558-559 
Calyceal amputation, urothelial tumors, 261 
Calyceal crescent, obstructive uropathy, 603 
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Calyceal diverticulum 
upper urinary tract, congenital anomalies, 70-71 
urolithiasis 
with multiple small stones, 582 
with sandy stones, 583 
with stones, 581 
Carcinosarcoma, 257, 281 
Chromophobe, 149, 162-163 
Chronic bacterial prostatitis (CBP), 832, 868-869, 881-882 
Chronic pelvic pain syndrome (CPPS), 832 
Chronic pyelonephritis, 1208 
Chronic rejection, 1182, 1195 
Chronic renal infection 
malacoplakia, 396, 419 
pyelonephritis, 395, 412-415 
xanthogranulomatous pyelonephritis, 395-396, 416-418 
Churg-Strauss syndrome, 649 
Circumcaval ureter, 82-83 
Clear cell RCC, 149, 154-158 
Clear cell sarcoma, 342, 377-379 
Collecting duct carcinoma, 149-150, 166 
Color Doppler, 15-16. See also Doppler ultrasonography (US) 
Computed tomography (CT) 
acute pyelonephritis, 401-403 
Bosniak category, renal cyst, 322 
medullary nephrocalcinosis, 540, 543 
obstructive uropathy, 599, 624-625 
renal AVM, 641-642 
Renal infarction, 631 
renal parenchymal disease, 493 
renal tubular acidosis, 543 
urinary tract, findings and variations, 5-6, 17-20 
urolithiasis, 555 
dual-energy (source), 573-575 
primary sign, 565-568 
renal calyx, 567 
renal pelvis, 568 
secondary sign, 569-572 
ureter, 565-5366 
ureterovesical junction, 567 
Congenital absence of bilateral vas deferens (CABVD), 889 
Congenital anomalies, upper urinary tract. See Upper urinary 
tract, congenital anomalies 
Congenital mesoblastic nephroma, 343, 382-383 
Contrast material-induced acute renal failure, 496 
Conventional imaging techniques, 555 
Cortical necrosis, 513 
Cortical nephrocalcinosis 
causes of, 529 
description, 529 
and medullary nephrocalcinosis, 531, 548-549 
renal cortical necrosis, 534 
US, 529 
Crossed renal ectopia, 65 
Cystocele, 620, 727 


D 
Dense striated nephrogram, 602 
Diabetes mellitus (DM) 

nephropathy, renal parenchymal 

disease, 494, 501-502 

renal papillary necrosis, 471 
Diffuse papillary necrosis, 476-477 
Diffusion-weighted imaging (DWI), prostate cancer, 829-830 
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Doppler ultrasonography (US) 

acute pyelonephritis, 399-400 

Angiomyolipoma, 113 

erectile dysfunction, 1010 

Medullary nephrocalcinosis, 542 

medullary nephrocalcinosis, 542 

obstructive uropathy, 612-614 

renal artery, stenosis, 630-631 

renal AVM, 640 

renal cell carcinoma (RCC), 197-198 

renal infection, acute pyelonephritis, 399-400 

renal parenchymal disease, 492-493 

Renal tubular acidosis, 542 

urinary tract, findings and variations, 15-16 

varicocele demonstration, 984-986 
Double-blind ureteral duplication, 91 
Dromedary hump (splenic hump), 7 
Dual-energy CT (DECT) 

calcium stones, 573 

uric acid stones, 574 

virtual noncontrast image, 575 


Dynamic contrast-enhanced imaging (DCED, prostate cancer, 829 


Dysplastic pelvic kidney, 64 


E 
Ectopic kidney, 64, 98 
Ectopic ureteral insertion, 100-102 
Ejaculatory duct obstruction (EDO), 889, 902 
Emphysematous cystitis, 691 
Emphysematous pyelonephritis, 691 
Endometriosis, 615 
Endophytic angiomyolipoma. See Angiomyolipoma 
End-stage renal disease, 194-195 
Epidermoid cysts, 1040 
Erectile dysfunction 
arteriogenic impotence, 1003, 1016-1019 
cavernosometry-cavernosography, 1003-1004, 1020 
color and power Doppler US, 1010 
definition, 1001 
normal penile Doppler ultrasonography, 1002 
parameters, 1002-1003 
penile anatomy, 1002, 1006 
penile arteriography, 1003, 1015 
penile conditions, 1004, 1034-1035 
penile Doppler ultrasonography, 1002, 1007-1009 
penile neoplasms, 1004, 1028-1031 
penile prosthesis, 1032-1033 
Peyronie’s disease, 1023-1025 
physiology, 1001 
priapism, 1026-1027 
venogenic impotence, 1003, 1021-1022 


Exercise-induced nonmyoglonuric acute renal failure, 495, 514-516 


Exstrophy-epispadia complex, 721 


F 
Female genital tuberculosis, 427, 463-464 
Fetal lobulation, 7, 39 
Fibroepithelial polyp, 287 
Fibromuscular dysplasia, 1298, 1302-1304 
Fluid collections, transplanted kidneys 
hematoma, 1183-1184 
imaging findings, 1184 
lymphocele, 1184, 1199 


perinephric, 1183 
perirenal, 1199 
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post-transplantation lymphoproliferative disorders (PTLD), 1184 


urinoma, 1184, 1200 
Focal papillary necrosis, 477-480, 483-485 
Forniceal rupture, 604-605 
Fungal infection, renal infection, 396, 420-421 
Fusion anomalies, kidney, 66-68 


G 

Ganglioneuromas 
adrenal gland, 1122, 1141-1144 
retroperitoneum, 1040, 1066 

Germ cell tumors, 909 

Glomerular disease, 491 

Glomerulopathies, 491 

Granulomatous prostatitis, 833, 868, 883 


H 

Hemangioma, 725, 751 

Hemorrhagic fever, 496, 519-520 

Hemorrhagic infarction, 674 

Hemorrhagic renal cystic diseases, 309-310 

Hemorrhagic small RCC, 179 

Hepatorenal syndrome, 518 

Hereditary syndromes, 150, 172-174 

HeryIn-Werner-Wunderlich syndrome, 61 

Hilar lip, 7, 40 

Horseshoe kidney 
upper urinary tract, congenital anomalies, 56, 66-68 
Wilm’s tumor, 374 

Hydrocalycosis, 72-73 

Hydronephrosis. See also Obstructive uropathy 
pediatric renal masses, 339-340, 354, 358 
renal cell carcinoma (RCC), 196 
transplanted kidneys, 1183 

Hyperacute rejection, 1181 

Hyperdense renal cystic diseases, 294, 306-308, 316, 317 

Hyperechoic medulla, on US, 546-547 


I 

Iatrogenic renal trauma, 1160, 1176-139 
Incidentaloma, 1119, 1153 

Infected renal cystic diseases, 294-295, 311-312 
Inferior vena cava (IVC), 630 

Infiltrative renal cell carcinoma, 192 
Inflammatory pseudotumor, 725 

Intact pseudocapsule, RCC, 203 


J 


Juxtaglomerular cell tumor/reninoma, 107 


L 

Leiomyoma, 725, 752 

Leiomyosarcoma, 831, 1040, 1049-1052 
Leukemia, 343-344, 388-389 

Lipid-poor adenoma, 1119, 1132-1133 
Lipid-rich adenoma, 1119, 1131, 1134-1135 
Liposarcoma, 1039, 1047-1048 

Localized renal cystic diseases, 296, 330 
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Lupus nephritis, 494, 503 

Lymph node metastasis, RCC, 213 
Lymphocyst, 1246, 1287-1289 
Lymphoma, 343-344, 388-389, 831, 872 


M 
Magnetic resonance imaging (MRI) 
adrenal gland, 1120 
prostate, 827, 837 
prostate cancer, 828-831 
renal parenchymal disease, 493 
renal trauma, 1158 
scrotum, 908 
seminal tracts, 888, 894 
urinary tract, findings and variations, 6, 21-23 
Magnetic resonance (MR) urography, 599 
Malakoplakia 
chronic renal infection, 396, 419 
ureteritis, 692 
Male genital tuberculosis, 426-427, 460-462 
Malignant fibrous histiocytoma, 1040, 1054 
Malignant lesions, adrenal gland 
adrenocortical carcinoma, 1123, 1145-1146 
lymphomas, 1123, 1149 
metastasis, 1123, 1136-1137, 1147-1148 
Malignant renal parenchymal tumors 
metastatic tumors, 151 
nephroblastoma (Wilm’s tumor), 151 
neuroendocrine tumors, 151 
renal lymphoma, 150-151 
renal sarcomas, 151 
Matrix stones, 562 
Medullary cystic disease, 296-297, 331 
Medullary ischemia, 471 
Medullary nephrocalcinosis 
autosomal recessive polycystic kidney disease, 544 
causes of, 530 
and cortical nephrocalcinosis, 531, 548-549 
cystinosis, 545 
description, 530 
hyperechoic medulla, 544 
hyperparathyroidism, 544 
patterns of, 530 
renal tubular acidosis 
CT, 543 
Doppler US, 542 
plain radiograph, 542 
US, 541, 543 
sponge kidney 
CT, 540 
cystic variant of, 536 
dense irregular calcifications, 537 
plain radiograph, 535 
renal duplication, 538 
unilateral, with urinary tract stones, 539 
US, 530 
Megaureter, 80-81 
Mesenchymal tumors, urinary tract, 692 
Metastatic tumors 
malignant renal parenchymal tumors, 151 
renal cell carcinoma (RCC), 246-251 
urinary tract, 257, 288 
Mucinous tubular carcinoma, 150, 169 
Mucosal striation, 609-611 
Multicystic dysplastic kidney 
pediatric renal masses, 340, 359-362 
renal cystic diseases, 297, 332 
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Multilocular cystic nephroma 

benign renal tumors, 107, 134-137 

renal cystic diseases, 319 
Multilocular cystic renal cell carcinoma, 149, 164-165 
Multilocular cystic renal tumor, 343, 385-387 


N 
Necrotizing papillitis, 488 
Negative pyelogram, 607 
Nephroblastoma 
adults, RCC, 244-245 
malignant renal parenchymal tumors, 151 
Nephroblastomatosis, 342 
Nephrocalcinosis 
cortical (see Cortical nephrocalcinosis) 
description, 529 
hyperechoic medulla, on US, 546-547 
medullary (see Medullary nephrocalcinosis) 
Nephroptosis, 8 
Nephroureterectomy, 286 
Neurilemmoma, 1040, 1060-1065 
Neuroblastoma, 1069 
Neuroendocrine tumors 
malignant renal parenchymal tumors, 151 
renal cell carcinoma (RCC), 237-240 
Neurofibroma, 725-726, 754, 1040, 1059 
Neurogenic bladder, 727 
Nonobstructive hydronephrosis, 621 
Nonvascular interventions, urinary tract 
anastomotic stricture, 1268-1269 
bilateral ureteral occlusion, 1271 
biopsies, 1246-1247, 1293-1294 
image-guided percutaneous aspiration and drainage, 
1278-1281 
minimally invasive image-guided ablation, focal tumor, 1246 
percutaneous catheter drainage (PCD), 1245 
percutaneous dilation and stent insertion, 1244-1245 
percutaneous foreign body retrieval, 1245 
percutaneous nephrostolithotomy (PNL), 1244, 1254-1255 
percutaneous nephrostomy (PCN), 1243-1244, 1250-1253 
percutaneous suprapubic cystostomy, 1245 
percutaneous ureteral interventions, complications, 1272-1277 
proximal ureteral stone, 1270 
radiofrequency ablation, renal cell carcinoma, 1290-1292 
sclerotherapy 
lymphocyst and peritoneal inclusion cyst (PIC), 1246, 
1287-1289 
renal cysts, 1245-1246, 1282-1286 
ureteral stricture, 1262-1264 
ureteroscopic procedure, ureteral stone, 1265-1266 
urine leak, 1267 
Nutcracker syndrome, 632-633, 685-687 


(0) 
Obstructive uropathy 
ball pyelogram, 598, 606 
calyceal crescent, 603 
causes of 
acute pyelonephritis, 619 
bladder tumor, 617 
cystocele, 620 
endometriosis, 615 
full bladder, 615 
pregnancy, 616 
recurred rectal cancer, 618 
ureteroneocystostomy, 619 
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CT, 599, 624-625 

dense striated nephrogram, 602 

description, 597 

Doppler US, 612-614 

forniceal rupture, 604-605 

intravenous urogram (1VU) findings 
acute obstruction, 597-598 
chronic obstruction, 598 

leak of contrast material, 604-605 

MR urography, 599 

mucosal striation, 609-611 

negative pyelogram, 607 

nonobstructive hydronephrosis, 621 

pathophysiology of, 597 

postobstructive atrophy, 622 

soap-bubble nephrogram, 608 

urine-contrast level, 606 

US, 598-599 

vicarious excretion, of contrast material, 623 

Oncocytoma 
benign renal tumors, 107, 131-133 
Renal cell carcinoma (RCC), 192 


P 
Papillary necrosis, 433 
Papillary renal cell carcinoma, 149, 159-161 
Papilloma and inverted papilloma, 257, 260, 290 
Paragangliomas, 725, 751, 1040, 1070-1072 
Parapelvic cyst, 298, 335 
Parenchymal tumors, 138-144 
Paroxysmal nocturnal hemoglobinuria, 496, 521-522 
Pediatric renal masses 
autosomal recessive polycystic kidney disease 
(ARPHD), 340, 363-366 
clear cell sarcoma, 342, 377-379 
congenital mesoblastic nephroma, 343, 382-383 
hydronephrosis, 339-340, 354, 358 
lymphoma and leukemia, 343-344, 388-389 
multicystic dysplastic kidney, 340, 359-362 
multilocular cystic renal tumor, 343, 385-387 
nephroblastomatosis, 342 
renal cell carcinoma, 343, 384 
renal pelvis rupture, 353 
rhabdoid tumor, 342, 380-381 


ureteropelvic junction obstruction, 346-352, 355-357 


Wilm's tumor 
bilateral, 376 
clinical features, 341 
contralateral multicystic dysplastic kidney, 369 
contrast-enhanced CT scan, 341, 367 
cystic, 368 
description, 339 
epidemiology, 340-341 
histopathology, 341 
in horseshoe kidney, 374 
imaging, 341-342 
in inferior vena cava, 370, 371 
perirenal hematoma, 372 
renal pelvis extension, 372, 373 
teratoid, 375 
Pediatric urinary tract infection. See Urinary tract 
Pelvic congestion syndrome, 687 
Pelvocalyceal compression, 191 
Pelvocalyces, 9, 256, 260-265 
Penile erection 
anatomy, 1002, 1006 
arteriogenic impotence, 1003, 1016-1019 


arteriography, 1003, 1015 
cavernosometry-cavernosography, 1003-1004, 1020 
color and power Doppler US, 1010 
conditions, 1004, 1034-1035 
definition, 1001 
Doppler ultrasonography, 1002, 1007-1009 
neoplasms, 1004, 1028-1031 
normal Doppler ultrasonography, 1002 
parameters, 1002-1003 
Peyronie’s disease, 1023-1025 
physiology, 1001 
priapism, 1026-1027 
prosthesis, 1032-1033 
venogenic impotence, 1003, 1021-1022 
Percutaneous catheter drainage (PCD), 1245 
Percutaneous nephrostolithotomy (PNL), 1244, 1254-1255 
Percutaneous nephrostomy (PCN), 1243-1244, 1250-1253 
Percutaneous suprapubic cystostomy, 1245 
Percutaneous transluminal angioplasty (PTA) 
in atherosclerosis, 1309-1311 
in fibromuscular dysplasia, 1302-1304 
in-stent restenosis, 1312 
in postoperative stenosis, aortorenal bypass graft, 1308 
renal artery stenosis, 659 
in Takayasu arteritis, 1305-1307 
vascular diseases, 659 
Percutaneous ureteroplasty, 451-454 
Perirenal hematoma, 372, 1041-1042 
Peritoneal inclusion cyst (PIC), 1246, 1287-1289 
Peritoneal tuberculosis, 427, 467 
Periureteral metastasis, 289 
Phantom calyx, 437 
Plain radiography, 542 
medullary nephrocalcinosis, 535 
renal parenchymal disease, 492 
Polyarteritis nodosa 
renal parenchymal disease, 509 
vascular diseases, 632, 647-649 
Positron emission tomography-computed tomography 
(PECT), 1120-1121 
Postobstructive atrophy, 622 
Post-transplantation lymphoproliferative disorders (PTLD), 1184 
Pregnancy, 616 
Primitive neuroectodermal tumor, 1073-1074 
Prostate 
anatomy, 825-826, 836 
benign prostatic hyperplasia (BPH), 875-877 
abscesses, 879-880 
acute bacterial prostatitis (ABP), 832, 877-878 
chronic bacterial prostatitis (CBP), 832, 868-869, 881-882 
chronic nonbacterial prostatitis, 832 
granulomatous prostatitis, 833, 868, 883 
MR imaging, 832-833 
voiding symptoms, 831 
cancer 
aggressiveness, 864 
computed tomography, 828 
diagnosis, 827-828 
diffusion-weighted imaging (DWI), 829-830 
dynamic contrast-enhanced imaging (DCEI), 829 
MR imaging, 828-829 
MR spectroscopic imaging, 830 
multiparametric MR imaging, 830 
postbiopsy hemorrhage, 862-863 
post-treatment, 856 
recurrent, 857-861 
risk factors, 827 
staging, 851-855 
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Prostate (cont.) Renal cell carcinoma (RCC) 
targeted biopsy, 865 bilateral multiple, 187-190 
3T MR imaging, 830-831 calcification, 184-186 
transrectal ultrasonography, 828 changes and recurrence, 226-229 
treatment response, 866 chromophobe, 149, 162-163 
leiomyosarcoma, 831 clear cell, 149, 154-158 
lymphoma, 831, 872 collecting duct carcinoma, 149-150, 166 
magnetic resonance imaging (MRI), 827, 837 contrast-enhanced US, 199-201 
mucinous adenocarcinoma, 870-871 cystic, 180-183, 193 
partial atrophy, 867 description, 147-148 
rhabdomyosarcoma, 831, 873-874 direct invasion, organs, 214-216 
transrectal ultrasonography, 826-827 distant metastasis, 217-223 
Pseudoenhancement, 304-305 Doppler US, 197-198 
Pseudohydronephrosis, 8, 47 end-stage renal disease, 194-195 
Pseudolesions, 6-7 hemorrhagic small RCC, 179 
Pseudoureterocele, 99, 585-586 hereditary syndromes, 150, 172-174 
Pyelonephritis hydronephrosis, 196 
acute, obstructive uropathy, 619 infiltrative, 192 
chronic renal infection, 395, 412-415 intact pseudocapsule, 203 
renal papillary necrosis, 472 lymph node metastasis, 213 
Pyeloureteritis cystica, 691 metastatic tumor, 246-251 
Pyonephrosis, 395, 411, 1208 mucinous tubular carcinoma, 150, 169 


multilocular cystic, 149, 164-165 
nephroblastoma, adults, 244-245 


R neuroendocrine tumors, 237-240 
Radiation ureteritis, 692 oncocytoma, 192 
Rectal cancer, recurred, 618 papillary, 149, 159-161 
Renal abscess, 405-408 pediatric renal masses, 343, 384 
Renal agenesis, 60-61 pelvocalyceal compression, 191 
Renal aortic dissection, 660-661 perinephric invasion, 205-207 
Renal arteriovenous fistula, 630, 646 preoperative evaluation, vascular anatomy, 224-225 
Renal arteriovenous malformation, 630 renal lymphoma, 230-236 
contusion, 640 renal sarcomas, 241-242 
CT, 641-642 sarcomatoid dedifferentiation, 170-171 
Doppler US, 640 small RCC, 175-178 
hypervascular lesion, 645 small Xp11.2 translocation-TFE3 gene fusion carcinoma, 168 
intermittent gross hematuria, 641-643 spindle cell carcinoma, 150, 169 
IVU, 641-642, 644 squamous cell carcinoma, 243 
retrograde pyelogram (RGP), 641-642 stage IIIA, 203 
Renal artery stage IIIB, 204 
aneurysm, 630 stage 11/T3a, 199-202 
bilateral, 665 urothelial tumors, 265 
calcified aneurysm, 663-664 venous invasion, 208-212 
contrast-enhanced CT, 662 Xp11.2 translocation-TFE3 gene fusion carcinoma, 167 
aortic dissection, 660-661 Renal complications, transplanted kidneys 
embolization acute tubular necrosis, 1181, 1190 
embolic materials, 1299 cyclosporine nephrotoxicity, 1182 
iatrogenic conditions, 1298 graft rejection, 1181-1182 
prenephrectomy, 1298-1299 imaging findings, 1182 
occlusion, 1159 Renal cortical necrosis, 534 
pseudoaneurysm of, 666-667 Renal cystic diseases 
stenosis acquired cystic disease, 297, 333, 334 
bilateral, 655-656 angiomyolipoma, 329 
causes and characteristics, 1298 autosomal dominant polycystic kidney disease (ADPHD) 
Doppler US, 630-631 contrast-enhanced CT scan, 325 
no-touch technique, 1297 description, 295-296 
percutaneous transluminal angioplasty, 659 hemorrhage, 326 
renovascular hypertension, 630 infection, 327 
segmental, 657-658 lesions, 328-329 
Society of Cardiovascular and Interventional autosomal recessive polycystic kidney disease (ARPHD), 296 
Radiology, 1298 Bosniak category 
unilateral, 650-654 category II, 313, 314 
Renal biopsy, 493-494 category IIF, 315 
Renal calyces anomalies category III, 318-319 
calyceal diverticulum, 56 category IV, 320-321 
congenital hydrocalycosis, 56 classification, 295 


congenital megacalycosis, 56 contrast-enhanced US, 324 
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CT, 322 
MRI, 322 
US, 322 
complicated cyst, 294, 323 
hemorrhagic cyst, 309-310 
hyperdense cysts, 294, 306-308, 316, 317 
infected cysts, 294-295, 311-312 
localized cystic disease, 296, 330 
medullary cystic disease, 296-297, 331 
multicystic dysplastic kidney, 297, 332 
multilocular cystic nephroma, 319 
parapelvic cyst, 298, 335 
pseudoenhancement, 304-305 
simple cyst 
contrast-enhanced CT scans, 300 
description, 293-294 
longitudinal US, 300 
pseudo-thick wall, 302, 303 
unenhanced CT scan, 301 
tuberous sclerosis, 297-298 
Von Hippel-Lindau disease, 297 
Renal duplication 
artifact, upper urinary tract, 92 
medullary nephrocalcinosis, 538 
Renal ectopia, congenital anomalies, 56 
Renal embolotherapy 
for aneurysm, 1315 
for arteriovenous malformation, 1316-1317 
for autosomal dominant polycystic kidney disease, 1318-1319 
for benign and malignant tumors, 1320-1322 
for iatrogenic arteriovenous fistula/pseudoaneurysm, 
1313-1315 
Renal hemangioma, 107 
Renal hypoplasia, 55, 62-63 
Renal infarction, 631, 673-674 
amyloidosis, 672 
CT, 631 
fibromuscular dysplasia, 672 
global infarction, 670-671 
segmental infarction, 668-669 
US, 631 
Renal infection 
acute, 393 
acute pyelonephritis 
CT findings, 401-403 
emphysematous, 394-395, 409-410 
hematogenous origin, 404 
IVU findings, 398 
pyonephrosis, 395, 411 
renal abscess, 405-408 
renal and perirenal abscesses, 394 
uncomplicated, 393-394 
US and Doppler US findings, 399-400 
chronic 
malacoplakia, 396, 419 
pyelonephritis, 395, 412-415 
xanthogranulomatous pyelonephritis, 395-396, 416-418 
fungal infection, 396, 420-421 
Renal leiomyoma, 107 
Renal lymphoma, 150-151, 230-236 
Renal medullary fibromas, 107 
Renal osteodystrophy, 525 
Renal papillary necrosis, 587-588 
with calcification, 481-482 
causes of 
analgesic nephropathy, 471 
diabetes mellitus, 471 
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medullary ischemia, 471 
pyelonephritis, 472 
description, 471 
diffuse, 476-477 
focal, 477-480, 483-485 
healing phase, 487 
initial stage, 488 
necrotizing papillitis, 488 
parenchymal involvement types, 472 
radiological findings, 472 
sloughed papilla, 483-485 
ureteral stone, 486 
US, 472 
Renal parenchymal disease, 493 
acute 
contrast material-induced, 496 
exercise-induced renal failure, 514-516 
intermittent porphyria, 507 
nonmyoglobinuric renal failure, 495 
renal failure, 495, 510-511 
rhabdomyolysis, 495, 517 
tubulointerstitial nephritis, 508 
amyloidosis, 494, 505 
chronic renal failures, 495, 524 
classification 
glomerular disease, 491 
primary glomerulopathies, 491 
secondary glomerulopathies, 491 
tubulointerstitial diseases, 491-492 
vascular diseases, 492 
cortical necrosis, 513 
definition, 491 
description, 491 
diabetic nephropathy, 494, 501-502 
hemorrhagic fever, with renal syndrome, 496, 519-520 
hepatorenal syndrome, 518 
iron deposition, in kidney, 523 
lupus nephritis, 494, 503 
paroxysmal nocturnal hemoglobinuria, 496, 521-522 
in patients, with AIDS, 495 
polyarteritis nodosa, 509 
radiological diagnosis, 492 
radiological modalities 
angiography, 493 
CT, 493 
Doppler US, 492-493 
plain radiography, 492 
renal biopsy, 493-494 
urography, 492 
US, 492 
renal osteodystrophy, 525 
sarcoidosis, 494-495, 506 
scleroderma, 504 
shock and striated nephrogram, 512 
US, 500 
Renal parenchymal invasion, 266 
Renal pedicle avulsion, 1159 
Renal pelvis and ureter. See Ureteritis 
Renal pelvis extension, 372, 373 
Renal pelvis rupture, 353 
Renal percutaneous transluminal angioplasty 
in atherosclerosis, 1309-1311 
in fibromuscular dysplasia, 1298, 1302-1304 
in-stent restenosis, 1312 
in postoperative stenosis, aortorenal bypass 
graft, 1308 
in Takayasu arteritis, 1298, 1305-1307 
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Renal sarcomas 
malignant renal parenchymal tumors, 151 
Renal cell carcinoma (RCC), 241-242 
Renal trauma 
abnormal kidneys, 1159-1160, 1174-1175 
angiography, 1158 
artery occlusion, 1159 
computed tomography, 1158 
contusion, 1159, 1163 
grading, 1157-1158, 1162 
hematuria, 1157 
iatrogenic, 1160, 1176-139 
intravenous urography, 1158 
laceration, 1159, 1166 
magnetic resonance imaging, 1158 
pedicle avulsion, 1159 
perirenal hematoma, 1159, 1165 
retrograde pyelography, 1158 
shattered kidney, 1173 
subcapsular hematoma, 1159, 1164 
ultrasonography, 1158 
urinary extravasation, 1159, 1167-1170 
vascular extravasation, 1159, 1171-1172 
Renal tuberculosis 
abscess and fistular formation, 438-439 
autonephrectomy, 442-444 
cavity formation, 434 
description, 426 
infundibular stenosis and caliectasis, 435-436 
initial dissemination and healed granulomas, 430-431 
IVU findings, 432 
lesion calcification, 440-441 
papillary necrosis, 433 
phantom calyx, 437 
Renal tubular acidosis 
CT, 543 
Doppler US, 542 
plain radiograph, 542 
US, 541, 543 
Renal vein 
anomalies 
double inferior vena cava, 676, 677 
inferior vena cava, transposition, 677 
posterior nutcracker syndrome, 675 
renal cell carcinoma, 675 
renal vein varix, 678 
thrombosis, 632 
bilateral, 680 
calcified thrombi, 681 
MR imaging, 683-684 
renal cell carcinoma, 679 
squamous cell carcinoma, 682 
systemic lupus erythematosus, 680 
venous infarction, 682 
Renovascular interventions 
renal artery embolization 
embolic materials, 1299 
iatrogenic conditions, 1298 
prenephrectomy, 1298-1299 
renal artery stenosis 
causes and characteristics, 1298 
no-touch technique, 1297 


Society of Cardiovascular and Interventional Radiology, 1298 


Retrograde pyelogram (RGP), 641-642 
Retroperitoneal disease 

abscess, 1102-1103 

anatomy, 1044-1045 
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calcifications, 1110-1115 
definition, 1039 
fibrosis, 1040-1041, 1090-1101 
fluid collection, 1041-1042, 1108-1109 
hematoma, 1105-1107 
lipoma and liposarcoma, 1046-1048 
lymphadenopathy, 1041 
tumors, 1039 
bronchogenic cysts, 1040 
chondrosarcoma, 1058 
enteric cyst, 1080 
epidermoid cysts, 1040 
hemangiopericytoma, 1056-1057 
leiomyoma, 1049 
leiomyosarcoma, 1040, 1049-1052 
lipoma, 1046 
liposarcoma, 1039, 1047-1048 
lymphangioma, 1055 
malignant fibrous histiocytoma, 1040, 1054 
malignant lymphoma, 1078 
malignant schwannoma, 1067-1068 
metastatic, 1082-1089 
mucinous cystadenoma, 1081 
nervous origin, 1040 
pelvic fibromatosis, 1081 
perirectal epidermal inclusion cyst, 1078 
rhabdomyosarcoma, 1053 
tailgut cyst, 1040, 1079-1080 
teratoma, 1040, 1075-1077 
urinomas, 1041, 1104 
Rhabdoid tumor, 342, 380-381 
Rhabdomyolysis 
acute renal failures, 495 
renal parenchymal disease, 517 
Rhabdomyosarcoma, 831, 873-874 


S 
Sarcoidosis, 494—495, 506 
Scleroderma, 504 
Sclerotherapy 
for lymphocyst and peritoneal inclusion cyst (PIC), 1246, 
1287-1289 
for renal cysts, 1245-1246, 1282-1286 
Scrotum 
acute epididymitis, 959-961 
anatomy, 914 
appendiceal torsion, 911 
conditions, 971-976 
epididymal and spermatic cord tumors, 910 
epididymitis and orchitis, 911, 962-966 
MR, 918 
normal US, 915-916 
radiologic modalities, 907-908 
spermatocele, 919 
testicular microlithiasis, 910, 952-954 
testicular torsion, 910-911, 955-958 
testicular tumors, 909-910 
testis and epididymis, 907, 917 
trauma, 911-912, 967-970 
ultrasonographic and magnetic resonance imaging anatomy, 908 
undescended testis, 908-909, 920-924 
Seminal tracts 
agenesis, 888 
anatomy, 887 
calcification, 889, 897 
computed tomography, 888 


Index 


congenital absence of bilateral vas deferens (CABVD), 889 
ejaculatory duct obstruction (EDO), 889, 902 
hematospermia, 889 
inflammatory diseases, 896 
magnetic resonance imaging, 888, 894 
midline cysts, 889, 898-900 
normal vesicles, US, 892-893 
seminal vesicle cysts, 888, 901 
transrectal ultrasonography, 888, 903 
tuberculosis, 889 
tumors, 889, 904 
vasoseminal vesiculography, 887, 895 
vesiculitis, 888 
Seminal vesicle 
cysts, 888, 901 
tuberculosis, 889 
Shock and striated nephrogram, 512 
Shunt-type varicocele, 980 
Simple renal cyst 
contrast-enhanced CT scans, 300 
description, 293-294 
longitudinal US, 300 
pseudo-thick wall, 302, 303 
unenhanced CT scan, 301 
Sloughed papilla, 483-485 
Soap-bubble nephrogram, 608 
Society of Cardiovascular and Interventional Radiology, 1297 
Solitary fibrous tumor, 107 
Squamous cell carcinoma, 150, 169 
renal cell carcinoma (RCC), 243 
Urothelial tumors, 257, 279, 284, 285 
Staghorn stones 
urolithiasis, 563-564 
US, 578 
Stop-type varicocele, 980 
Stromal tumor, 107 
Struvite stones, 554 
Suburothelial hemorrhage, 691 
Systemic lupus erythematosus (SLE), 494 


T 
Tailgut cysts, 1040, 1079-1080 
Takayasu arteritis, 655, 1298, 1305-1307 
Teratoma, 1040, 1075-1077 
Testicular microlithiasis, 910 
Testicular torsion, 910-911 
Testicular tumors 
acute lymphoblastic leukemia, 941 
bilateral, 938 
classification, 909 
epidermoid cyst i, 937 
epididymis and scrotal wall, 945-947 
inflammatory pseudotumor, 942 
intratesticular metastasis, 940 
leiomyosarcoma, 942 
leydig cell tumor, 939 
lymphoma, 933-936 
markers, 910 
nonseminomatous germ cell tumors, 928-932 
retroperitoneal nodal metastases, 948-951 
seminoma, 925-927 
undescended testis, 943-944 
Transitional cell carcinoma 
calcification, 278 
calyceal amputation, 261 
congenital ureteropelvic junction obstruction, 272 
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description, 255-256 
infiltrative, 286 
IVU finding, 267 
with liver and lymph node metastasis, 286 
nephroureterectomy, 286 
pelvocalyces, 256, 260-265 
renal cell carcinoma, 265 
renal parenchymal invasion, 266 
renal pelvis, 269 
renal vein thrombosis, 270-271 
sarcomatoid, 280 
segmetal arterial invasion, 268 
squamous and glandular differentiation, 279 
tumor emboli, 268 
ureter, 256-257, 273-275 
urinary tract, 276-277, 287 
Transplanted kidneys 
fluid collections 
hematoma, 1183-1184 
imaging findings, 1184 
lymphocele, 1184, 1199 
perinephric, 1183 
perirenal, 1199 
post-transplantation lymphoproliferative disorders (PTLD), 
1184 
urinoma, 1184, 1200 
infection 
acute pyelonephritis, 1201-1202 
candidiasis, 1202 
miscellaneous lesions, 1203-1204 
normal renal transplant, 1181, 1188-1189 
renal complications 
acute tubular necrosis, 1181, 1190 
cyclosporine nephrotoxicity, 1182 
graft rejection, 1181-1182 
imaging findings, 1182 
urologic complications, 1183 
vascular complications 
allograft renal artery stenosis, 1196 
arteriovenous fistulas, 1182-1183, 1197 
imaging findings, 1183 
renal artery stenosis, 1182 
renal vein thrombosis, 1182, 1198 
Tuberculosis. See Urogenital tuberculosis 
Tuberous sclerosis, 297-298 
Tubulointerstitial diseases, 491-492 
Tubulointerstitial nephritis, 508 


U 
Ultrasonography (US). See also Doppler ultrasonography (US) 
hyperechoic medulla, 546-547 
medullary nephrocalcinosis, 541, 543 
obstructive uropathy, 598-599 
renal parenchymal disease, 492, 500 
urolithiasis 
renal pelvis, 578 
renal stones, with color twinkling artifact, 579, 580 
renal stones, with parenchymal scar, 578 
staghorn stones, 578 
ureterovesical junction, 579 
Upper urinary tract, congenital anomalies 
ask-upmark kidney, 63 
bilateral pseudoureteroceles, 99 
bilateral renal agenesis, 55 
calyceal diverticulum, 70-71 
circumcaval ureter, 82-83 
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Upper urinary tract, congenital anomalies (cont.) 
collecting system duplication, 84-85, 87-90 
congenital megaureter, 80-81 
congenital ureteral obstruction, 79 
congenital ureteropelvic junction obstruction, 74-78 
crossed renal ectopia, 65 
double-blind ureteral duplication, 91 
dysplastic pelvic kidney, 64 
ectopic kidney, 64, 98 
ectopic ureteral insertion, 100-102 
fusion anomalies, kidney, 66-68 
Heryln-Werner-Wunderlich syndrome, 61 
horseshoe kidney, 56, 66-68 
hydrocalycosis, 72-73 
renal agenesis, 60-61 
renal calyces anomalies 

calyceal diverticulum, 56 
congenital hydrocalycosis, 56 
congenital megacalycosis, 56 
renal duplication artifact, 92 
renal ectopia, 56 
renal hypoplasia, 55, 62-63 
renal pelvis and ureter 
circumcaval ureter, 57 
collecting system duplication, 57 
congenital megaureter, 57 
congenital ureteropelvic junction obstruction, 57 
ectopic ureteral insertion, 58 
ureterocele, 57-58 
rotation anomaly, 56, 69 
unilateral renal agenesis, 55 
ureterocele 
cobra-head appearance, 94 
large obstructing, 96 
round cystic lesion, 95 
shrunken right kidney, 97 
simple, 94 
upper moiety ureter, 93 
ureterovesical junction obstruction, 92 
Y-duplication, 86 

Ureteral obstruction, 79 

Ureteral stone, 486 

Ureteral tuberculosis, 426, 445-449, 457 

Ureteritis 
air, collecting system, 703-704 
diverticulum, 702 
fibroepithelial polyp, 705-710 
hemangioma, renal pelvis, 711 
malakoplakia, 692 
mesenchymal tumors, 692 
nonspecific, 696 
origin of inflammation, 691 
periureteral metastasis, 692, 712-714 
postoperative changes, 692, 715-717 
pseudodiverticulosis, 692, 702 
pyeloureteral striation, 699 
pyeloureteritis cystica, 691, 697-698 
radiation therapy, 692 
stricture, 691 
suburothelial hemorrhage, 691, 700-701 
ureteral ileus, 691 

Ureterocele 
upper urinary tract, congenital anomalies, 57-58 

cobra-head appearance, 94 
large obstructing, 96 
round cystic lesion, 95 


shrunken right kidney, 97 
simple, 94 
upper moiety ureter, 93 
urolithiasis, 584 
Ureteroneocystostomy, 619 
Ureteropelvic junction obstruction, 346-352, 355-357 
Ureterovesical junction obstruction, 92 
Ureter stones 
with detritus plug, 589-591 
with papillary cavity, 592-593 
vs. phlebolith, 576-577 
Uric acid stones 
DECT, 574 
urolithiasis 
description, 554 
multiple, 561 
plain radiograph, 560 
Urinary bladder 
adenocarcinoma, 749 
anatomy, 721 
conditions 
cystocele, 727, 769-770 
diverticulum, 726, 767-768 
ear, 726 
fistula, 726, 765-766 
hernia, 726, 780-782 
neurogenic bladder, 727, 771-772 
outlet obstruction, 726-727 
stones, 726, 759-760 
embryonal rhabdomyosarcoma, 753 
exstrophy, 721 
inflammatory and nonneoplastic diseases 
acute bacterial cystitis, 722, 735 
cyclophosphamide cystitis, 722 
cystitis cystica and cystitis glandulari, 722, 738 
emphysematous cystitis, 722, 735-736 
endometriosis, 723, 783 
lupus cystitis, 739 
malakoplakia, 723 
radiation cystitis, 722, 737 
schistosomiasis, 722-723 
tuberculosis, 723, 736-737 
injuries, 723, 761-764 
intramural hematoma, 780 
intravesical hematoma, 779 
isolated bladder metastasis, 756 
neoplasms 
benign tumors, 725-726 
other malignant tumors, 725 
urothelial tumors, 724-725 
postoperative complications, 728 
postoperative imaging 
Bricker procedure, 727, 773, 775 
continent urinary diversion, 727-728, 773, 
716-778 
incontinent cutaneous ureterostomy, 727, 
773-1715 
primary lymphoma, 750 
prostate cancer, direct invasion, 757 
sigmoid colon cancer, direct invasion, 757 
small cell carcinoma, 750 
squamous cell carcinoma, 748 
transitional cell carcinoma, 740—747 
urachal adenocarcinoma, 758 
urachal anomalies, 721-722, 732-734 
urinary tract, findings and variations, 49-52 
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Urinary tract 
benign urothelial tumor, 287 
findings and variations 
bladder ear, 9 
calyces and papillae, 8-9 
color Doppler, 15-16 
compensatory hypertrophy, renal parenchyma, 7 
computed tomographic findings, 5-6, 17-20 
dromedary hump (splenic hump), 7 
duplication artifact and twinkling artifact, 16 
extrarenal lesions mimic intrarenal tumor, 7 
fetal lobulation, 7, 39 
hilar lip, 7, 40 
junctional parenchymal defect, 8, 41-42 
kidney ultrasonography, 14 
MRI findings, 6, 21-23 
nephroptosis, 8 
papillary blush and renal back flow, 9 
pelvocalyces, vascular impressions, 9 
plain and intravenous, 4 
plain radiograph and IVU, 12-13 
prominent column, bertin, 7 
pseudohydronephrosis, 8, 47 
pseudolesions, 6-7 
renal backflows, 30-31 
renal pelvis and calyx appearances, 26 
renal position, 24-25 
renal pseudotumors, 32-38 
sinus lipomatosis and abnormal echo, 8 
sinus lipomatosis and prominent perirenal fat, 45-46 
ultrasonographic findings, 4-5 
unidentified bright objects, ultrasonogram, 8, 43-44 
ureteral jet, 9 
ureters fetal valve, 9 
ureters medial position, 9, 48 
urinary bladder, 49-52 
vascular indentations, 27-29 
vicarious excretion, 9 
infection (see also Renal infection) 
acute pyelonephritis, 1208, 1212-1214 
chronic pyelonephritis, 1208 
cystitis, 1208, 1219 
definition, 1207 
ectopic ureter, 1209-1210, 1231-1234 
ectopic ureterocele, 1209, 1224-1226 
emphysematous pyelonephritis, 1217 
imaging evaluation, 1208 
mesenchymal tumors, 692 
nephronia, 1215 
pathophysiology, 1207 
pyonephrosis, 1208 
renal abscess, 1216 
renal fungus, 1214-1217 
ureteropelvic duplication, 1209, 1227-1231 
urethral abnormalities, 1235-1240 
vesicoureteral reflux (VUR), 1208-1209, 1220-1223 
xanthogranulomatous pyelonephritis, 1220 
metastatic tumors, 257, 288 
Urine leak, transplanted kidneys, 1183 
Urinomas, 1041, 1104 
Urogenital tuberculosis 
adrenal tuberculosis, 426, 458-459 
bladder tuberculosis, 455-456 
female genital tuberculosis, 427, 463-464 
imaging, 425-426 
male genital tuberculosis, 426-427, 460-462 


pathophysiology, 425 

percutaneous ureteroplasty, 451-454 
peritoneal tuberculosis, 427, 467 
renal tuberculosis 


abscess and fistular formation, 438-439 
autonephrectomy, 442-444 

cavity formation, 434 

description, 426 

infundibular stenosis and caliectasis, 435-436 

initial dissemination and healed granulomas, 430-431 
IVU findings, 432 

lesion calcification, 440-441 

papillary necrosis, 433 

phantom calyx, 437 


retroperitoneum and lymph nodes, 465-466 
in transplanted kidney, 468 
ureteral tuberculosis, 426, 445-449, 457 
of urinary bladder and urethra, 426 
vesicoureteral reflux, 450 
Urography, 492 
Urolithiasis 
calcium stones, 554, 558-559 
calyceal diverticulum 


with multiple small stones, 582 
with sandy stones, 583 
with stones, 581 


clinical manifestations, 554 
conventional imaging techniques, 555 


CT, 


555 

dual-energy (source), 573-575 
primary sign, 565-568 

renal calyx, 567 

renal pelvis, 568 

secondary sign, 569-572 
ureter, 565-566 

ureterovesical junction, 567 


description, 553 

incidence and epidemiology, 553 
matrix stones, 562 
pseudoureterocele, 585-586 
radiologic findings, 555 
radiolucent stones, 554 

staghorn stones, 563-564 

stone formation mechanisms, 553 
stone in ureterocele, 584 

stones in renal papilla, 587-588 
struvite stones, 554 

ureter stones 


with detritus plug, 589-591 
with papillary cavity, 592-593 
vs. phlebolith, 576-577 


uric acid stones 


US 


description, 554 
multiple, 561 
plain radiograph, 560 


renal pelvis, 578 

renal stones, with color twinkling artifact, 579, 580 
renal stones, with parenchymal scar, 578 

staghorn stones, 578 

ureterovesical junction, 579 


Urothelial tumors 
adenocarcinoma, 257, 282, 283 
brust biopsy, 290 
carcinosarcoma, 257, 281 
fibroepithelial polyp, 287 
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Urothelial tumors (cont.) 
metastatic tumors, urinary tract, 257, 288 
papilloma and inverted papilloma, 257, 260, 290 
periureteral metastasis, 289 
squamous cell carcinoma, 257, 279, 284, 285 
transitional cell carcinoma 
calcification, 278 
calyceal amputation, 261 
congenital ureteropelvic junction obstruction, 272 
description, 255-256 
infiltrative, 286 
IVU finding, 267 
with liver and lymph node metastatsis, 286 
nephroureterectomy, 286 
pelvocalyces, 256, 260-265 
renal cell carcinoma, 265 
renal parenchymal invasion, 266 
renal pelvis, 269 
renal vein thrombosis, 270-271 
sarcomatoid, 280 
segmetal arterial invasion, 268 
squamous and glandular differentiation, 279 
tumor emboli, 268 
ureter, 256-257, 273-275 
urinary tract, 276-277, 287 


V 
Varicocele 
clinical aspect, 979 
definition, incidence, and pathophysiology, 979 
demonstration, color Doppler US, 984—986 
diagnosis, 980 
embolotherapy, 992-994 
internal spermatic venography, 990-991 
intratesticular, 989 
recurrent and nutcracker phenomenon, 995-997 
secondary, 988 
spectral Doppler US, 987 
treatment, 980-981 
Vascular complications, transplanted kidneys 
allograft renal artery stenosis, 1196 
arteriovenous fistulas, 1182-1183, 1197 
imaging findings, 1183 
renal artery stenosis, 1182 
renal vein thrombosis, 1182, 1198 
Vascular diseases, kidney 
aortic dissection, 660-661 
arterial system, 629 
and variations, 636-638 
artery aneurysm, 630 
bilateral, 665 
calcified aneurysm, 663-664 
contrast-enhanced CT, 662 
artery stenosis, 630-631 
bilateral, 655-656 
Doppler US, 630-631 
percutaneous transluminal angioplasty, 659 
renovascular hypertension, 630 
segmental, 657-658 
unilateral, 650-654 
AVE, 630, 646 
AVM, 630 
contusion, 640 
CT, 641-642 
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Doppler US, 640 
hypervascular lesion, 645 
intermittent gross hematuria, 641-643 
IVU, 641-642, 644 
retrograde pyelogram (RGP), 641-642 
Churg-Strauss syndrome, 649 
description, 629 
hemorrhagic infarction, 674 
infarction, 631 
amyloidosis, 672 
CT, 631 
fibromuscular dysplasia, 672 
global infarction, 670-671 
MR imaging, 673-674 
segmental infarction, 668-669 
US, 631 
inferior vena cava (IVC), 630 
nutcracker syndrome, 632-633, 685-687 
pelvic congestion syndrome, 687 
percutaneous transluminal angioplasty, 659 
polyarteritis nodosa, 632, 647-649 
pseudoaneurysm of 
post-biopsy perirenal hematoma, 666 
post-traumatic perirenal hematoma, 667 
renal parenchymal disease, 492 
Takayasu arteritis, 655 
traumatic injury, of artery, 632 
vasculitis, 631-632 
vein anomalies 
double inferior vena cava, 676, 677 
inferior vena cava, transposition, 677 
posterior nutcracker syndrome, 675 
renal cell carcinoma, 675 
renal vein varix, 678 
vein thrombosis, 632 
bilateral, 680 
calcified thrombi, 681 
MR imaging, 683-684 
renal cell carcinoma, 679 
squamous cell carcinoma, 682 
systemic lupus erythematosus, 680 
venous infarction, 682 
venous system, 629-630, 639 


Vasculitis, 631-632 
Vesicoureteral reflux, 450 
Vesicoureteral reflux (VUR), 1208-1209, 


1220-1223 


Voiding cystourethrography (VCUG), 1207 
Von Hippel-Lindau disease, 297 


Wilm's tumor 


malignant renal parenchymal tumors, 151 
pediatric renal masses 
bilateral, 376 
clinical features, 341 
contralateral multicystic dysplastic 
kidney, 369 
contrast-enhanced CT scan, 341, 367 
cystic, 368 
description, 339 
epidemiology, 340-341 
histopathology, 341 
in horseshoe kidney, 374 
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imaging, 341-342 X 
in inferior vena cava, 370, 371 Xanthogranulomatous pyelonephritis, 395-396, 416—418 
perirenal hematoma, 372 
renal pelvis extension, 372, 373 
teratoid, 375 Y 
Wunderlich syndrome, 106 Y-duplication, congenital anomalies, 86 


